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INTRODUCTION 

Marine structures education, for the purposes of this study, and hence this 

report, includes the structures portions of both the undergraduate and the graduate 
programs at well-recognized schools that grant degrees in the disciplines of naval 
architecture and/or ocean engineering, intending they indicate that the recipients are 
reasonably capable of analyzing and designing ships and boats and other marine 
craft, and/or offshore platforms or other offshore marine systems. This does not 
preclude the recognition that many of those in the practice and even the teaching of 
marine structural analysis and design may well have earned their degrees at these 
same or at different schools but in other mechanics-based engineering disciplines, 
such as civil, mechanical, or aerospace, in applied mechanics, or perhaps at the 
graduate level in a narrower specialized field sometimes called "structural mechanics" 
or just "engineering structures." Thus the extent to which this may indeed be so is 

significant and will be discussed. 

There is an undeniable perception that structural considerations are not at 
present being given adequate attention in the curricula at some of the schools of 
interest, and this stems at least in part from differing expectations of what 
understanding and capability with regard to structural analysis and design the 
graduates of these programs should have obtained. This is in fact a perennial 
problem that pervades all of higher education. It is essential that students be 
informed about as much of the basic knowledge pertinent to their particular field as 
possible and gain an understanding of the principles and underlying historical 
evolution of ideas and problems that have led to the distinctive definition ofthat field. 
But it is equally necessary that they acquire the capacity to contribute their efforts 
in practicing professionally in that field, whether that entails resolving typical current 
problems with existing approaches and procedures or, less often, conducting and 
perhaps directing research and/or development undertakings seeking to enhance and 
often to improve them or, more frequently, just to understand the problems 

themselves more fully. 

These twin demands are clearly evident in engineering education. The programs 
at some schools have curricula that emphasize one usually at the expense of 
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satisfactorily achieving the other at the undergraduate level, even though most 
schools have until recently not considered the preparation for general practice as the 

main focus at the graduate level. The degree to which this is so at the dozen or so 

schools of concern in this project will be assessed. Their programs will be evaluated 

primarily with respect to the content appropriate to the subject of this report, marine 

structural analysis and design, while noting that the generic term "ocean engineering" 

is unlike "naval architecture" not at all limited to the analysis and design of vessels 

and offshore platforms and the structures content therefore in several may not be 
extensive. Two of the schools are indeed military academies and the somewhat 
special circumstances at them must be acknowledged. 

In no instances are the descriptions of and discussions about the programs and 

the individual courses, and sometimes even the instructors for those courses, 

intended to be construed as criticism, favorable or unfavorable. This study sought to 

determine how correct the perception mentioned above actually is, and this report will 
describe and discuss the material and other information that permitted some 
conclusions to be reached. Colleagues at all the schools were helpful in providing this 
material and interchanges with them have been most beneficial, and are much 
appreciated. Many other friends or acquaintances in the marine industry were also 
interviewed and/or responded to, and often elaborated on their answers to, a 
questionnaire sent to them or their organizations. 

This report will first include brief descriptions of the undergraduate and the 
graduate programs at the various schools that satisfy the engineering needs of the 
marine industry by having created and sustained educational efforts particularly in 
naval architecture and/or in ocean engineering. The material that might have been 
included is vast indeed. But while the primary interest is in the marine structures 
courses, they can only be properly understood, and discussed in the next section of the 
report, in relation to the total content of and the other requirements imposed on these 

programs. 

A third section of the report will review the responses to a series of questions 
addressed to individuals and/or organizations representing the various branches of the 
total marine industry that are concerned to some significant degree with structural 
analysis and design. Their impressions and expectations regarding the education 
programs, their satisfaction with their own basic knowledge of and their confidence in 
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their current marine structural analysis and design practices, and their views on how 

their own or the marine industry's circumstances with respect to these matters 
might be bettered, were sought. 

The report will be completed with a section providing the conclusions reached as 

a result of undertaking this project, plus some recommendations suggested by those 
conclusions. 
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NAVAL ARCHITECTURE AND OCEAN ENGINEERING 
PROGRAMS IN NORTH AMERICA, 

AND THEIR RELATION TO CURRENT TRENDS AND 
CONCERNS IN ENGINEERING EDUCATION 

The more traditional undergraduate programs in naval architecture in the 
United States and Canada are currently those offered by Webb Institute, the 
University of Michigan, the University of New Orleans, and Memorial University in 

St. John's, Newfoundland. There is a Department of Naval Architecture and Marine 

Engineering at Michigan and their program includes both the engineering disciplines 

named if indeed they are considered distinctive (as they sometimes are) rather than 

essentially a single discipline.   The program at New Orleans is administratively 

offered by the School of Naval Architecture and Marine Engineering and like Michigan 

tends to consider the two fields a single discipline. That at St. John's is entitled Naval 
Architectural Engineering and is administratively actually offered by the Faculty of 

Engineering and Applied Science.   Until recently the University of California at 
Berkeley and the Massachusetts Institute of Technology offered similar programs, 

but those students at Berkeley now are enrolled in the Mechanical Engineering 
Department even though the Department of Naval Architecture and Offshore 
Engineering stills exists and its faculty offer some undergraduate courses in naval 
architecture, and the Department of Ocean Engineering at MIT maintains a 
bachelor's degree-granting program in ocean engineering that also still includes 

courses in naval architecture. 

The other well-established undergraduate ocean engineering programs are at 
Florida Institute of Technology, Florida Atlantic University, Virginia Polytechnic 
Institute at State University, where the home department is designated the 

Aerospace and Ocean Engineering Department, and at Texas A&M University (at 
the College Station campus, not that at Galveston) where it is administratively 
within the Civil Engineering Department even though the degree is in ocean 

engineering. 

The U.S. Coast Guard Academy and the U.S. Naval Academy are the only two 
military schools included in this study even though accredited programs are available 
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at two of the maritime academies - in marine engineering systems at the U.S. 
Merchant Marine Academy and in naval architecture and, separately, in marine 

engineering at the State University of New York Maritime College - which both 
incorporate the so-called Regimental System and could therefore be considered 

military, or perhaps quasi-military, schools. They were not included, however, 
because so very few of their graduates seek careers practicing naval architecture and 

fewer still specializing in marine structural analysis and design. At Annapolis majors 
are available in naval architecture, in ocean engineering, and in marine engineering 

from naturally enough, the Department of Naval Architecture, Ocean, and Marine 
Engineering. At the Coast Guard Academy the single major in naval architecture and 

marine engineering, considered a single discipline much as at Michigan and New 

Orleans, is offered by the Engineering Department. 

Other undergraduate programs or courses not part of this study are the 

relatively quite new and still small but coherent and accredited one in ocean 
engineering at Rhode Island, and the sequences of courses in naval architecture 

offered within the Mechanical Engineering Department at the University of 

Washington. Those at the two military academies are indeed only included because 
graduates who have completed these programs often do enter into the practice of 
naval architecture and/or ocean engineering immediately after fulfilling their service 
obligations or even later when retiring after often gaining service experience or 

possibly additional formal education that might suggest that choice is quite 
appropriate. These late entrants to the field have sometimes majored in engineering 
disciplines other than naval architecture or ocean engineering while earning their 

undergraduate degrees at the academies. 

These dozen institutions are thus at present the principal sources of very nearly 
all of those naval architecture and/or ocean engineering bachelor's degree-level 
graduates now entering practice or continuing their studies at the graduate level, and 
have been (with some variations at several of the schools) the sources for the last 
several decades. They are also schools that have traditionally offered graduate 

programs in naval architecture and/or ocean engineering, and still do with the 
exception of the military academies and Webb - which is initiating a master's degree 
program in "Ocean Technology and Commerce" as this is written. Again, several 
other institutions do have graduate programs in ocean engineering, notably Hawaii, 
Miami, New Hampshire, and Rhode Island, and there is now a graduate program in 
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naval engineering at the Naval Postgraduate School in Monterey. But limiting the 

study to these dozen schools and dealing with their undergraduate curricula and the 

corresponding graduate programs, but including also the graduate program at the 

Technical University of Nova Scotia, would seem sufficient to gain an adequate 

understanding of and to describe adequately the state of marine structures education 

in North America. Table 1 indicates the degrees at all levels granted by these 

institutions. 



TABLE 1 
VARIOUS DEGREE DESIGNATIONS AND LEVELS FOR PROGRAMS OF INTEREST AT 

INSTITUTIONS INCLUDED IN THIS STUDY. 

INSTITUTION 

Webb 

Michigan 

New Orleans 

Memorial 

Berkeley 

Coast Guard 
Academy 

Naval Academy 

Virginia Tech 

MIT 

Texas A&M 

Florida Atlantic 

Florida Tech 

Nova Scotia 

DEGREE DESIGNATIONS AND UNITS 

in Naval Architecture and Marine Engineering by Webb 
Institute 

in Naval Architecture and Marine Engineering by the 
Department of Naval Architecture and Marine 
Engineering   

in Naval Architectural and Marine Engineering by the 
School of Naval Architecture and Marine Engineering 

in Naval Architectural Engineering, also in Ocean 
Engineering at Graduate Level, by the Faculty of 
Engineering and Applied Science  

as Ocean Engineering Option in Mechanical Engineering 
at undergraduate level and in Naval Architecture and 
Offshore Engineering at graduate level by Department 
of Naval Architecture and Offshore Engineering 

in Naval Architecture and Marine Engineering by the 
Department of Engineering  

in Naval Architecture or in Ocean Engineering (or in 
Marine Engineering) by the Department of Naval 
Architecture, Ocean and Marine Engineering  

in Ocean Engineering at the undergraduate level and at 
the Master's degree level, but in Aerospace and Ocean 
Engineering at the Doctor's degree level, by the 
Department of Aerospace and Ocean Engineering  

in Ocean Engineering at the undergraduate level and in 
Ocean Engineering or Naval Architecture or as Naval 
Engineer at the graduate level by the Department of 
Ocean Engineering  ___^ 

DEGREE LEVELS 

B1 

B, M2, E3, D4 

B,M 

B,M 

B, M, E, D 

B 

B 

B, M, D 

B, M, E, D 

in Ocean Engineering by the Department of Civil 
Engineering   

in Ocean Engineering by the Department of Ocean 
Engineering, but also Master's degree in Civil 
Engineering as well as Ocean Engineering  

in Ocean Engineering by the Department of Ocean 
Engineering 

in Naval Architecture by the Department of Mechanical 
Engineering  

B, M, D 

B,M,D 

M,D 

Sources: Bulletins (Catalogs, Calendars) of the various schools (see BIBLIOGRAPHY) and personal 
communication. 
1. B - Bachelor degree, whether B.S.E., B.Sc. 
2 M - Master's degree, whether M.S.E., M.Eng., M.S., M.A.Sc. 
3. E - Professional degree, Naval Engineer, Naval Architect, Ocean Engineer 
4. D - Doctorate, whether D.Eng., D.Sc, Ph.D. 
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Engineering Education Trends and Concepts 

These programs, however, are among a number of other programs in engineering 
offered by the respective institutions and the departments involved are just single 
individual units among a number of departments with, again, Webb being the 
exception. Usually, a teaching department is administratively within a college, and 

the college one of a number within the institution as a whole. Many policies of one 

sort or another, certainly financial support, admission standards, and other factors 

are not set entirely at the discretion of the faculty members of a single department. 

They do largely determine the curricula of their particular programs once they are 

created, through even the establishment of individual courses and to some lesser 
extent their content generally are reviewed and approved by a college-level 
curriculum committee so as to avoid redundancy, insure quality, and, often today, to 
reduce costs and maintain some efficiency in the offerings overall. Large enrollments 
in any course are viewed with favor by the college administrators, and the course 
may even be presented with large lecture sessions being given by a professor and 
several so-called recitation sessions directed by relatively inexpensive teaching 

assistants if the enrollment is large enough and, hopefully, the subject matter is 
amenable to such a format.  Very small enrollments, especially in undergraduate 
courses, often attract the attention of administrators and can lead to elimination or 
revision, including being offered less frequently. 

Faculty members are also not entirely free to direct their own efforts as they 
alone may choose. Those associated with most of the programs listed in the foregoing 
must conduct research as well as teach, and have administrative committee 
assignments and/or counseling responsibilities and other service-type duties. Most 
presumably are permitted to do some consulting, and several of particular interest to 
this study as well as many others have outside activities extensive enough to 
warrant personal incorporation. While the concepts of tenure and academic freedom, 
the requirements for promotion at large universities, and other such matters are 
beyond the scope of this study, it is pertinent to note that younger and newer faculty 
members are in fact judged and rewarded largely upon the extent and level of 
sophistication of their publications and the number and the quality of the theses 
produced by the doctoral students they have directed. Both of these depend largely 
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upon the extent and level of sophistication and thus the number and the quality of the 

research endeavors for which they have obtained funding. While such an 

arrangement is not at all inconsistent with the overall academic mission of the large 

research university as it exists in North America today, it has led to faculties in any 

given discipline that often consist mostly of the best and brightest doctoral graduates 

in that discipline from one of the schools having almost immediately obtained a 

teaching position at one of the others and thus having gained very limited if any 
experience or knowledge concerning professional practice in industry. While this is 
not entirely characteristic of any of the schools being reviewed, it is to some greater 

or lesser degree the situation at many of them and probably increasingly so at most. 

In recognition of this several have appointed as "adjunct" professors individuals with 

industrial experience whose presence at the schools may have been prompted by the 
need to hire them to take advantage of their experience to assist in conducting 
research, but anticipating they may also teach for perhaps several years. Others 
have hired local practicing naval architects and/or ocean engineers as lecturers, often 
for a single course for a single term. This procedure is also often followed, however, 

because of the lack of adequate regular faculty members, possibly because of 

sabbatical leaves, sickness or similar temporary circumstances; but it has all too 
often recently been necessary because a retired professor has not been permanently 
replaced, very possibly due to declining enrollment in the program. The nature of any 
of these programs is thus subject to temporary and even permanent modifications 

because of such changes in the size and composition of the faculty. 

But programs must also be changed if the "service courses" which are included 

in the curricula are altered. These obviously include the basic courses in 
mathematics - typically through differential equations - and chemistry, physics, and 
often computer programming and usage included in all undergraduate engineering 

curricula, but termed service courses because they are typically given by a unit other 
than the departments responsible for the naval architecture and/or ocean engineering 

programs of interest in this study. This is usually also the situation with regard to 
the introductory courses in thermodynamics, electrical and material science and 
engineering, and mechanics - statics, dynamics, fluid mechanics, and solid mechanics 
(mechanics of deformable materials or bodies, strength of materials, or whatever 
name may be used). Changes may also be caused by revisions in composition and/or 
technical writing requirements or arrangements, decisions by the entire school or 



college with regard to the number and distribution of elective courses in the 
humanities and social sciences, or other similar factors. 

That curricula are in a seemingly perpetual state of transition is therefore an 

accepted situation, in engineering education in any case, but this condition stems as 

much or more from the technological changes - actually the pace of technological 

advances - that are affecting the knowledge and understanding needed to practice in 

any of the engineering disciplines. 

Undergraduate Programs 

Adequate descriptions, for the purpose of this report, of the individual 

undergraduate programs dealt with can best be accomplished by reproducing here as 
figures the typical term-by-term course listings and/or other excerpts from their 

catalogs (or bulletins or calendars, as they are sometimes called) trusting that the 
course titles are representative enough to preclude the need to provide also each and 
every one of the individual course descriptions usually also contained in the catalogs. 

Pertinent marine structural analysis and design course descriptions, and the 
syllabuses for them, will be included in the next section of this report, however. 

Webb Institute 

Webb is unique among the programs of interest to this study, in several 
respects. First, all of the entering students are there to study only naval architecture 
and must all complete the identical sequence of courses created, and truly integrated, 
with that beneficial circumstance providing a distinct advantage not present 
elsewhere. Basic mechanics, for example, need not be introduced first in general 
physics courses and then essentially retaught in engineering science courses and then 

revisited in professional courses as is characteristic in the curricula at other schools 
at which the contents of the physics courses, with ABET - Accreditation Board for 

Engineering Education and Technology - encouragement, are usually determined by a 

somewhat remote physics department. At Webb material first taught in engineering 
science courses can be used in the various naval architecture courses that 

immediately follow very much as if the two courses are considered together a single 
entity.   There are several other arrangements by which Webb can gain special 
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efficiencies not possible at other schools, mostly including introductory material, 

analysis techniques, and even applications in earlier courses - in structures or 

hydrodynamics or marine engineering - that directly pertain to or even specifically 

initiate the procedures and exercises to be dealt with in a following design course. 
Having eight-week practical work periods in the marine industry required each year is 
obviously also an important bonus to the Webb curricula. Despite the lack of the 
much more extensive supporting infrastructure found at most of the other 

engineering schools, including relatively large faculties from other engineering 
disciplines available certainly to influence and possibly to improve and expand the 
educational experiences of students, it is universally acknowledged that Webb 
provides a thoroughly satisfactory if not exemplary education to its students. That 
their program is as comprehensive as it is may be due largely to efficiencies of the 
type listed above and more credit hours per semester and totally than required by 
other programs; but many believe the balance obtained between imparting knowledge 
and understanding, and simultaneously instilling in the graduates the capability for 
them to be able better to meet the expectations found in the marine industry that 

they also be able to carry out the routine tasks along with the more complex and 
demanding ones in particular, is accomplished because the faculty at Webb consists 
primarily of individuals with professional experience in industry and they are not 
distracted continually or evaluated to the same extent by the heavier other demands 
and expectations beyond teaching well as are their colleagues at the major research 
universities. The curricula at Webb is shown in the course listing in Figure 1. 
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SCHEDULE OF COURSES 
The subjectt c/instruction, given during each of the four yean, 

are luted on the following pages. 
A semester hour represent» one hour of recitation or two hours 

of drafting or laboratory work per week per semester. The term "semes- 
ter hour" is identical with the term "credit hour". 

Frtshmtn 
First Semester Sem. Class 

Hrs. Hrs. 
Technical Communications 2 2 
Mathematics I - Calculus I 4 4 
General Chemistry 3'A 4 
Physics I - Elementary Mechanics & 

Engineering Statics 4 4 
Engineering Graphics 2'A 5 
Naval Architecture I - Introduction to 

Shipbuilding Vh 2 
Marine Engineering I - Introduction to 

Marine Engineering 1* 2 

19 23 

Satisfactory completion of 8 weeks practical work is required. 

Second Semester 

Marine Engineering II • Shipboard Systems 
The Human Experience I 
Mathematics II - Calculus Q 
Computer Applications 
Physics II - Heat, Light and Sound 
Materials Science 

1» 22 

Sophomores 
First Semester 

Humanities Elective 
Mathematics 01 • Differential Equations 
Computer Programming 
Naval Architecture II 
Strength of Materials 
Dynamics 

Sem. 
Hm. 

19 

Class 
Hrs. 

3 
3 
3 
4 
4 
4 

21 

Satisfactory completion of 8 weeks practical work is required. 

Second Semester 

Western Literature 
Mathematics IV - Advanced Engineering 

Mathematics 
Physics m • Electricity and Magnetism 
Fluid Mechanics 
Thermodynamics 
Marine Engineering in - Ship Systems II 

4 
3 
3 
3 
4 

Juniors 
First Semester 

Human Experience II 
Engineering Economics 
Probability and Random Processes 
Marine Engineering IV • 

Machine Design and Transmission Systems 
Electrical Engineering I - Circuits and 

Electronics 
Naval Architecture III - Ship Resistance and 

Propulsion 
Naval Architecture IV - Ship Structure 

Sem. 
Hrs. 

Class 
Hrs. 

19 21 

Satisfactory completion of 8 weeks practical work is required. 

Second Semester 

American Politics and Foreign Policy 
Marine Engineering V - Steam Plants 
Engineering Laboratory 
Electrical Engineering n - Machines and Controls 
Naval Architecture V - Ship Hydrodynamics 
Naval Architecture VI - Elements of Ship 

Design and Production 
Thesis 

2 
3 
2<A 
3 
4 

3 

Is 

Seniors 
First Semester 

Ethics and the Profession 
Ship Vibrations 
Naval Architecture VII - Ship Design I 
Marine Engineering VI - Diesel Engines, 

Plant Design and Comparative Economics 
Thesis 

17 

Satisfactory completion of 8 weeks practical work is required. 

Second Semester 

16 

2 
3 
4 
4 
4 

4 
1 

"22 

Sem Class 
Hrs. Hrs. 

3 3 
3 3 
4 6 

4'Ä 5 
2<h 5 

22 

Professional Communications 2 2 
Naval Architecture VIII - Ship Design II 3'A 6 
Naval Architecture DC - Propeller Design 

and Vibrations 3 3 
Naval Architecture X - Special Topics in Naval 

Architecture 2 2 
Thesis 2>/. 5 
Seminar 0 2 
Selected Topics 3 3 

23 
21 

FIGURE 1. THE WEBB PROGRAM (REPRODUCED FROM THE 1995-96 "CATALOG") 
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The University of Michigan 

The current undergraduate curriculum at Michigan, while similar in many ways 

to that at Webb, is almost classical in its structure and content including as it does 

only minor modifications over the last decade or two. It is shown in Figure 2. Two 

recent changes that should be noted are the insertion among the program subjects 

just after the introductory course entitled Marine Design, of one new one devoted to 

production considerations, replacing the more traditional course in hydrostatics and 

stability which is now covered more completely in the introductory course and in the 

second new course entitled Marine Hydrodynamics I. The latter course also includes 

most of the material previously taught in a more general fluid mechanics service 

course offered by the Mechanical Engineering Department, and required in most of 
the other mechanics-based programs such as civil and mechanical engineering but 
not aerospace. The traditional resistance and propulsion material is now included in 
the Marine Hydrodynamics II course, probably giving the impression to some that 
naval architecture and marine engineering is now even more predominantly 
concerned with hydrodynamics rather - of which more later - than the long-standing 

"four areas of concentration" referred to in the Technical Elective requirements. 

These only recently were "ship" strength, hydrodynamics, power systems, and 
dynamics (vibrations and rigid body motions, both of which are periodic), and are now 
preceded by the designation "marine" to reflect that they now are more devoted to a 
more systems-oriented treatment involving all types of marine systems and not just 

to ships and boats. 

The University of New Orleans 

The undergraduate program at New Orleans is very similar to that at Michigan 

prior to the recent changes noted above, coherent to the same degree and structured 

in an almost identical manner. It is illustrated in Figure 3. The individual course 
titles include the prefix "offshore structure and ship" (i.e., Offshore Structure and Ship 
Strength I and Offshore Structure and Ship Dynamics II) rather than the more 
generic "marine", but there does indeed seem to be somewhat more coverage of 
offshore platforms in several of the courses and in the overall curriculum then is the 
case at Michigan. There are not, however, any courses dealing specifically with some 

of the many other ocean engineering topics. 

13- 



Required Programs Sample Schedule by Tana 

Hours      12  3  4  5  6  7  8 

3   - 
-  4 

Subjects required by all programs (58 tot.) 
(See under 'Minimum Common Requirements,' page 57, for alternatives) 
MathematicsllS. 116.21S.and21G 16     4 4  4  4- 
Engfish 125. College Writing 4     4  -   -   -   - 
• Personal Computing 3     3  -   -   -   - 
Chemistry 130 and 125 or 210 and 211 5     5  -   -   -   - 
Physics 140 *ith lab 141; 240 «üh Lab 241 8      -  4  4   -   • 
Senior Technical Communication 3       
Humanities and Social Sciences (see pages 61,65)     17      • 6   -  3   - 

Advanced Mathematics (3 tot.) 
Mathematics 350 3     -  •   -   • 3 

Related Technical Subjects (16 tot.) 
MSE 250, Prin of Eng Materials 3 
ME 211. Intro to Solid Mechanics 4 
ME 240, Intro to Dynamics 3 
ME 235, Thermodynamics I 3 
EECS 314, Cd Anary and Electronics 3 

Program Subjects (3d tot.) 
NA 270, Marine Design 3 
NA 275. Marine Systems Manufacturing 3 
NA 310. Marine Structures I 4 
NA 320. Marine Hydrodynamics I 4 
NA 321. Marine HydrooVramo I 4 
NA 330, Marine Power Systems I 4 
NA 340, Marine Dynamics I 4 
NA 391, Marine Lab 3 
NA 470, Ship Design or NA 471. 

Offshore Eng Design 3 
NA 475. Design Project 3 
NA 481, ProbalMeth in Marine Sys 3 

Technical Electbnt (9 tot.) 
These must include at least two of the second 
courses in the four areas of concentration— 
NA 410. Marine Struc II; NA 425. Envir Ocean 

Dynamics; NA 430, Mar Power Systems II; 
or NA 440, Mar Dynamics I 6 

Another Technical Elective 3 

Free Electtnt (6 hrs.) 6 

- -   3 
- 4   4 

-  3 

- 4 
- 4 

- 4 

3   3 
-  3 

3  3 

Total 121    1617151615171618 
'Eng 103 (3 hrs). Eng 104 (3 hrs). Eng 106 (4 hrs), or Eng 107 (4 hrs) acceptable; Eng 106 

or Eng 107 preferred, 1 hour counting as free-elective credit 

FIGURE 2.  THE MICHIGAN PROGRAM (REPRODUCED FROM THE COLLEGE OF 
ENGINEERING 1995-96 "BULLETIN1) 
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FRESHMAN YEAR CRHRS SOPHOMORE YEAR 
ENGL1167.1181 8 ENGL2162 
AittEMv»* 3 MATH 2118, 2221 
MATH 2111. 2112* 10 PHYS1082 
PHYS 1081,1063 4 ENME 2780 
CHEM1017* 3 CHEM 101f, 1023 
CSai201 3 ENCE 2311.2350. 2391 
ENCA1000 1 NAME 2180. 2180 
ENME 1761 3 

33 

Social Sdtnc* Eltctiv«1 

JUNIOR YEAR CRHRS SENIOR YEAR 
ECON20004 3 Humancti«! Etoctiv*1 

ENEE 2500, 3518. 3501 7 Social Scfenc* «r 
ENME 3020, 3718, 3720, 3770 10 Humanitiai Bactiv*' 
NAME 3120. 3130,3140. Utaratura EWctiva*1 

3150,3180 18 Biology Bactiva' 
ENGR3090 
NAME 4160.4188 
NAME Bactiva** 

CRHRS 

39 

3« 

CRHRS 
3 

3 
6 
3 
1 
6 

Ji 
33 

ANALYSIS 
NAME 2180        MTROTOSHPftOFFSHORE 

STRUCTURES DES »CONST* 24 
NAME 2160 FORMCALCftSTA08JTY 34 
NAME 3061 NAVAL ARCH OES PROJECT 04 
NAME 3082 MARME ENG DES PROJECT 00 
NAME 3063        SPECIAL PR08S M NAVAL ARCH 04 
NAME 3066        SPECIAL PRO« M MARME ENS OuO 
NAME 3066        SPECIAL PR08S M MARME EN8 04 
NAME 3120        OFFSHORE STRUCT* 

SHTSTRENGTHI 1J 
NAME 3130        MAAWE ENG, I POWER SYSTEMS» 24 
NAME 3140 COMPUTERS M NAVAL ARCH IJO 
NAME 3110        SHP RESISTANCE ft PROPULSION 14 
NAME 3160         OFFSHORE STRUCTURE ft 

SHFDYNAMCS 24 
NAME 3900 SEMOR HONOR THEStt 04 
NAME 409« SPECIAL TOPICS M NAVAL ARCH 24 
NAME 4087 SPECIAL TOPICS M MARME ENQ 04 
NAME 4120        SHP STRUCTURAL ANALYSIS ft OES 24 
NAME 4130        MARMEENGMEERMQI 04 
NAME 4111         REUABUTY. AVALABUTY ft MAMT 

OF EHG SYSTEMS 04 
NAME 4138        MTRO TO COMPUTATIONAL FUJD 

OYNAMCS AND HEAT TRANSFER 04 
NAME 4141 CURVED SURFACE DESIGN 04 
NAME 4142 S0UDM0OEUNQ 04 
NAME 4180 OFFSHORE STRUCTURES ft 

SHPDES1GN 04 
NAME 4161 SMALL CRAFT DESIGN 04 
NAME 4ISS OFFSHORE STRUCTURES ft 

SHP DCS PROJECT 04 
NAME 4180 SMP KYDAOOYNAMKSI 14 
NAME 4182 OFFSHORE STRUCTURES ft 

SHPOYNAMCSI 04 
NAME 4171 ADMHALTYLAWFORENGMEERS 10 
NAME 4161 MATERWLS FOR MARME DESIGN 14 

♦   DESIGN 

♦ 

♦ 

♦ 

♦ 

♦ 
♦ 
♦ 

♦ 
♦ 

♦ 

14 
04 
34 
34 
14 
14 
14 

14 
14 
04 
14 

14 
34 
14 
34 
14 
34 

34 

♦ 34 
♦ 34 
♦ 34 

34 
34 

24 
24 

34 
04 
24 

TOTAL 

34 
34 
34 
34 
14 
14 
14 

34 
34 
14 
34 

44 
34 
34 
34 
34 
34 

24 

34 
34 
34 

34 
34 

34 
34 

34 
24 
34 

FIGURE 3.  THE UNIVERSITY OF NEW ORLEANS CURRICULUM (EXCERPTS FROM 
THE COLLEGE OF ENGINEERING 1994-95 "INFORMATION BULLETIN") 
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Memorial University of Newfoundland 

The undergraduate program at Memorial reflects the fact that high school 

graduates in Canada have advanced further than is generally true in the United 

States and therefore their curriculum need not include for example such courses as 

composition and general chemistry and physics in the first year, nor the electives in 
the humanities and social sciences scattered throughout the curriculum that are 

required in the U.S. The graduates of this program are thus nearly but not quite fully 

equivalent in educational breadth and professional preparation to those receiving 

master's degrees at most of the other schools being described here. They can 

specialize to some extent in selecting technical electives in the last two terms, as 

shown in the chart in Figure 4, concentrating perhaps in production management 

rather than entirely in the design of ships or platforms or even submersibles. The 

professional content of what must still be termed an undergraduate curriculum is 
perhaps stronger and more varied than that offered by any of the schools in the U.S. 

The University of California - Berkeley 

The current undergraduate curricula in naval architecture at Berkeley is shown 

in Figure 5. It will evidently be changed somewhat as the program soon becomes 

established as another regular option in ocean engineering in the Mechanical 

Engineering Department, but the ocean engineering courses will then still be given by 

the faculty in the present Naval Architecture and Offshore Engineering Department. 
It would perhaps be more meaningful to include here the curriculum as it was several 
years ago at Berkeley - and maybe at all of the other schools, since graduates that 
completed those curricula are the ones now among the practicing naval architects in 
the marine industry - but this project is intended only to evaluate education in 
marine structures as it exists now and to make recommendations that could be 
carried out only in the future. That curriculum at Berkeley was not too different from 
that shown in the figure and also then included fewer professional courses than those 

at Webb or Michigan or New Orleans. 

United States Coast dnard Academy 

At the Coast Guard Academy the major of interest is accredited as in naval 

architecture and marine engineering combined, as noted above has been the case 
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CHART OF THE UNDERGRADUATE 
ENGINEERING CORE PROGRAM 

T»eMut EWctivt« 

1 2 

C.S. C.S. 

1312 
MECH. 1 

220S 
CHEM. 4 PHY. 

OF ENG. MAT. 1 

1333 
BASIC ELEC. 
CONC. CIRC. 

2312 
MECH.1 

1404 
UN. ALG. 

2420 
STRUCT. 

PROGRAMM. 

1412 
INTERMEO. 
CALCULUS 

2421 
PROB.* 

STATISTICS 

1502 
ENGIN. 

DESIGN 1 

2502 
ENGIN. 

DESIGN » 

100W 
SOFTWARE 

APPL. 

7 • 

7021 
PRROPUL'N. 
EFFICIENCY 

too« 
FLOATING 

OCN. STRUC. 
DESIGN 

7*3) 
STRESS 

ANALYSIS 

804« 
MAINTENANCE 

ENGR. SYS. 

7124 
AUTOMATIC 

CONTROL 

•OS« 
SU8MERSIBLES 

OESIGN 

7032 
HYDROELASTKITY 

«CONTROL Of 
OCCAM VEHICLES 

•062 
MARINE 

PRODUCTION 
MANAGEMENT 

•06S 
SHIP OPtRN. 

MANAGEMENT 

CHART OF THE NAVAL ARCHITECTURAL ENGINEERING CURRICULUM 

3 4 • • 7 • 
3102 
KVAT 

4102 
ENGINEERING 
ECONOMICS 

C.S. 
«101 

ASSESS. Of 
TECHNOLOGY 

T.f. F.l. 

320S 
CHEM 4 PHY. 

OF ENG. MAT. II 

4312 
MECHANICS 

SOLIDS 1 

Mia 
MECHANICS 

S OLIOS M 

•041 
MARINE 

ENG. SYS. I 
T.f. T.I. 

3312 
1      MECHANICAL 

  

«321 
THERMO- 

DYNAMICS 1 

4342 
FLUIOSI 

•002 
SHIP HULL 
STRENGTH 

7002 
SHIP $TR. 

DESIGN 

•000 
N.A.E. PROJECT 

3411 
APPL. DlFF. 
EQUATIONS 

4422 
NUMERICAL 
METMOOS 

S432 
ADVANCED 
CALCULUS 

0032 
SHIP HULL 

VIBRATIONS 

70)1 
SHS> 

OYNAMtCS 

•014 
MARINE 

HYDROOYNAMIC» 

Ji41 
ELECT/MCH 
CONVRSN 

4t22 
MECHANICAL 

OESIGN 

son 
RESTNCe 
«PROPNI 

••71 
PHYSICAL 

METALLUROY 

704S 
MARINE 

ENO «Y« 1 

»022 
OESIGN 

OPTIMIZATION 

3052 
SHIP 

DESIGN 1         1 

4011 
SHIP 

STATICS 

S0S1 
SHtPPROON 

MO MT 

MS» 
ELECT. FOA 

NON c.e. 

70S1 
SHIP 

DESIGN 1     1 

•054 
AOVANCEO 

MARINE VEHICLES 

NOTE:   A wortthop oouin (2»0W) It h«M »A ••mpu« prior to th« ttwl of t>» SpWng S*m«*t*r 

FIGURE 4.  THE MEMORIAL UNIVERSITY OF NEWFOUNDLAND PROGRAM 
(REPRODUCED FROM THE FACULTY OF ENGINEERING AND APPLLED 
SCIENCE 1994-95 "CALENDAR") 
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I*n»ltrani in Na\a! Aicliitccfure 1201 nil* 

Effective fall 1994. admission to the undergraduate Naval Architecture 
degree program was closed. Contact the Student Affairs Office for 
more information. Students admitted before fall 1994 should complete 
the following program. 

Sophomore Year 

Math 50A. 50B. Differential Equations, Linear 
Algebra, MultivariaNe Calculus   

Physics 7B. 7C. Physics for Scientists and Engineers 

Engin 36, Engineering Mechanics I 

Engin 45, Properties of Materials 

Engin 77, Problem Solving Using Computers 
[FORTRAN]       

•Electives 

Total 

Junior Year 

Mec Eng 104, Engineering Mechanics Q 

Mec Eng 106. Fluid Mechanics 

Mec Eng 105. Thermodynamics 

Civ Eng 130. Mechanics of Materials 

Nav Arch 151. Statics of Naval Architecture 

Mec Eng 133. Mechanical Vibrations 

Stat 25. Introduction to Probability and Statistics for 
Engineers   

EECS 100. Electronic Techniques for Engineers 

♦Electives 

ToUl 

Senior Year 

Nav Arch I52A, I52B. Ship Dynamics 

Mec Eng 107A. Experimentation and Measurement 

Nav Arch 154. Ship Structures 

Nav Arch I55A. I55B. Ship Design 

Civ Eng 167. Engineering Project Management 

•Electives 

Total 

Freshman Year Fall Spring 

Math 1 A. IB. Calculus 4 

Chemistry IA. General Chemistry - 

Physics 7A. Physics for Scientists and Engineers 4 

Engin 28, Engineering Graphics • 

Nav Arch 10, Ship Systems (recommended, not 
required) 3 

•Electives 4 

Total IS 15 

16 

3 

4 

~~3 

~4 

14 

•Electives must include si* courw of K least 3 units each in the humiruties and social 
studies selected from in appro ed list of courses Of these at least one .ourse must be a 
composition course liken from the current approved list of courses See List E of the 
Humjniiie* ind Socul Studie> section on pwe 9 One .ourse must jl-o .elected from Mec 
Eng 161. l6.lorCivEitf 13'N 

FIGURE 5.  THE UNIVERSITY OF CALIFORNIA - BERKELEY PROGRAM 
(REPRODUCED FROM THE FACULTY OF ENGINEERING 1995-96 
"ANNOUNCEMENT) 
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at several of the other schools, but only four program-defining courses are required. 

And though all of the topics that are covered in the other programs are dealt with to 

some extent in the first two courses, their treatment just cannot be as thorough or as 

at several of the other schools, but only four program-defining courses are required. 
And though all of the topics that are covered in the other programs are dealt with to 

some extent in the first two courses, their treatment just cannot be as thorough or as 

deep. The curriculum, shown in Figure 6, culminates in a principles of design course 

and the capstone one entitled Ship Design/System Integration that does view the ship 

as a system and presumably does "integrate" economics and construction and other 

considerations with design decisions much as implied in the currently comprehensive 
and fashionable approach entitled concurrent ship design. The marine engineering 

content of the program is for the most part included in courses offered by the 
mechanical engineering staff of the Engineering Department. 

United States Naval Academy 

The two Naval Academy majors of greater interest to this study are those in 

naval architecture and in ocean engineering, that in marine engineering seemingly 
being less total ship or offshore platform focused and more representative of the 
distinct marine engineering options that once existed at several of the other schools. 

The ocean engineering majors must complete a series of courses, given in Figure 7, 
that comprehensively treat ocean systems as engineering systems and the emphasis 
is not as much on physical oceanographic processes and experimentation as is 
characteristic of some other ocean engineering curricula. Those students majoring in 
naval architecture complete a curriculum, also shown in Figure 7, not unlike those at 
Webb, Michigan, New Orleans, and Memorial in structure and sequence, and in 
content. They are also offered a wide array of technical electives, including for 

example one devoted to the naval architectural aspects of submarine design and 
another covering such advanced marine vehicles as hydrofoils and submersibles and 
ground-effect machines. The analysis and design of foils (i.e., hydrofoils) is dealt with 
in a course that treats marine propellers as well, using lifting line and lifting surface 
theories. A course entitled Advanced Methods in Ship Design and another called 
Analytical Applications in Ship Design and other electives clearly establish that even 

though the program at Annapolis is obviously only for undergraduates it does not 
suffer in comparison with the undergraduate programs at other schools where the 
existence of a graduate/research program and utilizing the same faculty in both 
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FALL SEMESTER SPRING SEMESTER 

FOURTH CLASS YEAR 
0901 Academic Orientation 
2111 English Comp and Speech 
3111 Calculus I 
5102 Chemistry I 
7102 Found of Computer Sei 
8111 Organizational Behavior 
  Physical Education 

THIRD CLASS YEAR 
1202 Statics 
2293 Morals and Ethics 
3211 Mulrivariable Calculus 
5262 Physfcsl 
6214 Nautical Science n 
8201 Leadership I 
  Physical Education 

SECOND CLASS YEAR 
12U   Dynamics 
1220   Electric Circuits and 

Machines 
1340   Fluid Mechanics 
1351   Thermodynamics 
6316   Nautical Science ffl 
    Physical Education 

FIRST CLASS YEAR 
1442 Principles of Ship Design 
1453 Ship Propulsion Design 
2391 Legal Systems 
5330 Oceanography 
  Major Area Elective 
  Physical Education 

0903 Academic Orientation 
1112 Intro to Engr and Design 
2123 Intro to Literature 
3117 Calculus 0 
5106 Chemistry II 
6112 Nautical Science I 
  Physical Education 

1204 Engineering Materials Sei 
1206 Strength of Materials 
2241 History of the U.S. 
3215 Differential Equations 
5266 Physics II 
8203 Leadership II 
  Physical Education 

1342 Princ of Naval Architecture 
1353 Thermal Systems Design 
1459 Heat Transfer 
2263 American Government 
3415 Adv Engineering Math 
  Physical Education 

1444 Ship Design/System Integ 
2493 Maritime Law Enforcement 
6418 Nautical Science IV 
8311 Economics 
  Free Elective 
  Physical Education 

FIGURE 6.   THE SCHEDULE OF CLASSES AT THE U.S. COAST GUARD ACADEMY 
(REPRODUCED FROM THE 1994-95 "CATALOGUE OF COURSES") 
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Naval Architecture Major 

CurrinAat tajuiHmnb 0» nMtOoo to *« rtquiremtnto of pkt* «tar) 
Proteste*»: NL2JB. NLXQ. NLW.NN2O0L NSJIO. NS40X. 
UMfcMMttcc SM2I2. SM221; 
SdnccSRII.Srat 
Humaj*fcx KH205. HH2» plus two chctfot; 
Ent^ml^ EE»t. EE332. EM211. EM317. EM232. EX018. EMI«, ES300L G5410( 
Major ENHS, EN3Ö. EN353. EN3». DO«. EWS5. EN471, BW*, pKa two MOT «fettoicm 

REQUIRED COURSES: 

Oceon Systems Engineering 
Strength of Materials 
Ihefrnodynarnics 
FXid Dyromics 
Naval Materials Science and 
Engineering 
Ship Hyarocrynamfcj and Stobiity 
Resistance and Propulsion 
Seakeeping and Maneuvering 
Ship Structures 
Ship Design I & I 

ElfCUVE COURSES 

Anaryticol Apptcations in Ship Design 
Advanced SNp Structures 
Ship Vbr otions 
Advanced Methods in Ship Design 
Hydrofol and Propeler Design 
Advanced Marine vehide» 
Submarine Design Anatysis 
Engineering Economic Analysis 
Independent Research Projects 

Ocean Engineering Major 

Cwrlcmloa Requirements (In addition to the rwjuirements of plebe ytu) 
Professional: NUDBI. NL301NL400. NN200, NS310, NSM* 
Mathematics: SM212. SM221; 
Science: SP211. SP212; ElECTIVE COURSES: 

REQUIRED COURSES: 

Ocean Systems Engineering 
Strength of Materials 
lhemvxjynamic« 
FUd Dynamics 
Naval Materie* Science and 
Engineering 
Introduction to Oceanography 
Ocean Engineering Structures 
Ocean Engineering Mechonics 
Ocean Systems Engineering Design I & I 

Marine Engineering Major 

Mfcrocomputer Aided Engineering ond 
Design 
Marine Power Systems 
Coastal Engineering 
Uncferwater Work Systems 
Engineering Economic Anatysis 
Ufe Support Systems 
Design of Foundcrffons tor Ocean 
StrucXjres 
Underseo Power Systems 
Design of Rooting Platform» 
Environmental Engineering in the Oceans 
Independent Research Projects 

Canrkalu Retirement* On addition to the requirements of plebe year) 
ProtoäoruL NL2C0, NLM2. NLW..SN200, NS310. NSM* 
MiHwmjticsSM212.SMZ21.SM3U; 
Science SP211.SP212; 
Humanities: HH20S. HH206 and two elective*; 
Engineering: EE331, EE332. EM211. EM2I7. EM232. EM319. EM324, ES300, ES4106 
Major EN24S, EN361. EN362. ENMO. EN44J. EN460. EN463. EN467. plus two major electives; one 
free elective. 

ElfCUVE COURSES: 
REQUIRED COURSES: 

Ocean Systems Engineering 
Strength of Materials 
TherrrKxJynomics 
Fluid Oynamics 
Naval Material Science and 
Engineering 
Engineering Mathematics 
Marine Power Systems 
Thermal Engineering 
Reactor Physics 1*1 
Marine Engineering Design I & U 

Resistance and Propulsion 
Ship Vtorations 
Undersea Power Systems 
Computer Methods in Nucteor 
Engineering 
Nuclear Energy Conversion 
Independent Research Projects 

FIGURE 7.   PROGRAM AT THE U.S. NAVAL ACADEMY (REPRODUCED FROM THE 
1993-94 "CATALOG" AND A NAOME DEPARTMENT PAMPHLET) 
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preparing undergraduate courses and teaching them concurrently with their efforts 
on behalf of the graduate/research program often has some benefit in attaining and 
maintaining a somewhat higher level of quality and treatment than would otherwise 

be possible. 

Virginia Polytechnic Institute and State University 

At Virginia Tech the program designated as being in ocean engineering, shown in 

Figure 8, does concentrate more on the engineering aspects of marine vehicles and 

marine structures than on the ocean environment and such physical processes as 

estuary hydrodynamics and sediment transport, although the students are required 

to complete a course in physical oceanography offered by the Geological Sciences 

Department. Enough traditional naval architectural considerations are included in 
the undergraduate curriculum generally and in several courses specifically to suggest 
that graduates of this program should indeed be as well prepared for practicing 
professionally in the same areas of the marine industry as are those from programs 
advanced as being for those interested in becoming naval architects. Marine design is 
treated as a process based on many the same considerations that would be involved if 
the system of concern were for operation in the atmosphere or in space; and many of 
the prerequisite analysis courses in for example dynamics and structures, that must 
be completed before the capstone design course in the fourth year, present the 
material in such a basic manner that it is more universally applicable even though 

the particular applications are in just aerospace or ocean engineering. 

Massachusetts Institute nf Technology 

The MIT bachelor's degree program in ocean engineering known as Course XIII 
is defined in Figure 9, but the format shown as it is presented in their bulletin does not 
include a representative or suggested schedule of the courses to be taken each term 
(as given for the other schools) and hence the sequential structure can only be 
envisioned by combining the courses in the subjects included as General Institute 
Requirements with those 11 courses listed for this specific program plus some 
number of approved elective courses - restricted and unrestricted. It is apparent, 
however, that individual students can with faculty guidance fashion a program that 
could be somewhat more specialized than is the situation at any of the other schools 
considering the very large number of courses offered by the Ocean Engineering and 
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First Year Ocean Engineering Progrratn 

First year students are admitted in General Engineering, the SECOND YEAR 

common freshman engineering program for engineerng 
curricula. This program provides time for the students to adjust 
to the college and to select the branch of engineering in which 

rm Semester 
ESM 2004: Mechanics of Defbrmable Bodies       3 
Math 2224: Multivariabte Calculus                     3 
PhvOm Miwictl                                                   1 

0) 
0) 
(3) 
(2) they are most interested. At the end of the year—after additional ISE 2014: Engineering Economy 2 

counseling, contacts with the various departments, and satisfac- ESM 3074: Computational Method« 3 (3) 
tory progress—students make a selection and, if academically Core elective ' (3) 
eligible, are transferred to the curriculum of their choice. 

Second Semester 
Credits (17) 

FIRST YEAR ESM 2304: Dynamics 3 (3) 
First Semester Math 2214: Differential Eqt. 3 (3) 
Cbera 1035: General Chemistry                         3          (3) nrys 2176: Physics D 3 0) 
Chem 104$:General Chemistry Lab                   2          (1) EE 3064: Electrical Theory 3 (3) 
EF100$: Introduction to Engineering                 3          (2) AOE 3204: Ship Hydromechanics 3 (3) 
Engt 110$: Freshman English                           3          (3) Core elective ' (3) 
Mathl20$:CalcukBl                                     3          (3) Credits (1«) 
Math II14: Linear Algebra                              2          (2) 
Elective                                                                   0) THIRD YEAR 

Credits        (1$) First Semester 

Second Semester AOE: 3014 Aero/Hydrodynamics 3 (3) 
Chem 1036: General Chemistry                         3          (3) ACC 3024 Thin Walled Structures 3 0) 
Chem 104«: General Chemistry Lab                   2          (1) AOE: 3034 Vibration and Control 3 (3) 
EF 1006: Introduction to Engineering                  3          (3) ME: 3134 Tbennodynamia 3 (3) 
ESM1004: Statics                                         3          (3) Math: 4564 Operational Methods 3 (3) 
Eng] 1106: Freshman English                             3          (3) Geoi: 4104 Physical Oceanography 3 (3) 
Math 1206:Calculus 1                                     3          (3) Credits (I») 
Math 1224: Vector Geometry                             2          (2) Second Semester 

Credits        (IS) AOE 3054: Instrumentation and Lab 4 (2) 
AOE 3214: Fundamentals of Ocean Engineering   3 (3) 
AOE 3224: Ocean Structures 3 (3) 
AOE 3234: Ship Dynamics 3 (3) 
AOE 4244: Marine Engineering 3 (3) 
Math Elective 3 (3) 

Credits (17) 

FOURTH YEAR 
First Semester 
AOE 3044: Boundary Layer and Heat Transfer      3 (3) 
AOE 4065: Design $ (3) 
AOE 4214: Wave Meduaics 3 O) 
AOE 4254: Ocean Engineering Lab 3 (1) 
Technical Elective (3) 
Core elective • 3 O) 

Credits (16) 
Second Semester 
AOE 4066: Design $ (3) 
Technical Elective« (6) 
Co« elective* (3) 
Free Electives and/or core area 7 (3) 

Credits (1$) 

* Alt students must take 6 credits each from Areas 2 and 3 of the 
University Core Curriculum. The College of Engineering requires 
that 6 of these 12 credits be at or above the 2000 level and 6 must 
be in a single discipline. Students graduating in 1998 or 1 «er must 
also satisfy Area 7 or the Core Some Area 7 courses may 
simultaneously satisfy Core Area 2 or 3 or other elective needs 

FIGURE 8.  THE PROGRAM AT VIRGINIA POLYTECHNIC INSTITUTE AND STATE 
UNTVERSITY (REPRODUCED FROM THE 1994-95 "UNDERGRADUATE 
COURSE CATALOG AND ACADEMIC POLICES") 
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Bachelor of Sctanco In Oc*an Engineering 
Court« XIII 
CLASS Of 1887 or Mar. Saa Mom on Couraa W balow 

Q«n*nl Imttut* RtquhoMnl* (QHta} MfKt* 

Sdanc« Raqulramant * 
HumanHa«./V*«rfSocMSc*fK«*RaoAlraman1' • 

Rattrtctad 0a«M» In Sdarioa and laehnotogy (BEST) 
Raqutamant • • p#o *ub|ac«i »" 6* ""»O* •""•'I558. 
201S.071. U.M. »nd 13.010 or 13.01» kHhaDapartmantaJ 
Pwgraml * 
Laboratory Raqukamant [can b* united by 11017 
a«m01»ki»*r>partrr»rittl Program) 1 

TaWaRSUbiactaRa<s**«'torS.t.Oagraa 

PLUS 

17 

Dapartmantat Program Unlta 

Su6*cf «mo« bafcw *» Jbiowod 6/ eradt into and or 
«MfoguMM fary (ccnquUtm m h*x) 

R*<i**dSU>t*cta» "• 
1109     Oi?arar*atE*Mflona.12.R£ST. 1»02* 

13.010 KrodoclJon1oOc*4«Sciar»andTa*nology. 
12. REST. 1.01.11.02 

13.012     FMd Machanfc* lor Ocoon Englnaan. 1& 13.010. 
11.03 

2.01     Machamea of Sotd». 12. REST. »01. 1102 
13.014     lyUrtnaS*v«uraaandMaiartak>.12;201.1103 

I3.013J     Oynamlca. It *0f. 202. 1103« 
13.01$     MaD>WTWl)calM^fiod*lnOCMnEng«n*«lng.12: 

1*03 
13.016 Hroducllon1oC»cmaWcModaSlngarid 

ComputaOon. 12. REST. »01.1102 
0.071     Boetonfc» »nd tnasxirnanlaflon. 12. REST. 1101. 

103 
13.017 f>»lgn of OeaanSyalama 112.08:201.13 01». 

13.013 
13.011 OodonofOcMnSy«*n»I.12LA&1071. 

13.017 

RMtifd*d BacSVaa 4» 

Th»ltud^««S)oh«tpofft««»OÄyidv1»orn>«lprcpo««i 
prognrn of not Ion tntn a unto kl an tfM o( ooun «ngln«« ■ 
Ing TN» program mux b» »pprovad by tr» Ooaan Enginaarlng 
Undargraduata Program Comm«aa and muH hefcda at tea* 
12 unto of *n MMduol («Mucrt or dotign profteL 

r>cjrtmanCa1f»rogramta^ma«alac»*tlafyS*OIRa   (M) 

Unmtrtctad Etactfiraa a 

ToutUn«tB«yondtti*OiR«rUquHd(orl.B.D*grM     IM 

No «uM*ef can b» couniad bctt at port of 9» 17-uA)ad 0*U 
andaapartofinaieSurMraqulradbayondtriaGlRs. f**y 
tut^O m mo irudant°i dapartrrtantal program *« court toward 
ona or lha ornate«« »or bom. 

CUSS OF 1997 of lalor. Tlia Sdonoa Raqukamanl kteraaaaa M 
ah «uMac* wlh fta add»» of Biology at a 0*. and Da REST 
Raqukamant daeraaaat from twa aubkKto to »ao. kaapktg tia 
total numb« of 0«» conattnt m 17. 

'14.01 or anothar accnomlci lubtoct I» Krongty uggaatad h 
tta Human»«». Art», and SxM Sdanca» Raqukamar« I 
anothar aubkK( In »a fWd of aconomfc« and managamant a) 
nothctudad ki rnaatactM program. 

•Studant» mm« raearva a grada of C or baaar In sora «ut**» 
«•** MM at praraquMat tor omar dapartmantal com 
aubfactt batora eonOnutng h B» dapartmantaJ program. 

•Mama» oraraquWtaa ara triad h 9» »utfae« daacrkjOo* 

•Tha REST Raquframar« wa* tarmarty catod 0* Sdanoa 
DWr»>«»P*<?irtTr««.S««CTiaptafllorWharo>Utooii 
M »nd «nar kadtuta raqukarnanov 

Bachelor of Seltne« In Oc««n Engln««i1ng 
Court« Xlll-C 

Course Xlll-C It an Engineering Irrtemthlp 
Prognam that enable» students to comt*» 
professional experience with their academic 
work white at the tame «me provVSng tor part 
of their educational expense«. The four-year 
program leads to the Bachelor of Science In 
Ocean Engineering. Students in the Internship 
program may also apply tor admission to t» 
Graduate School to obtain the Bachelor of 
Science concurrently with tie Master of Selene« 
at the end of their fifti year. TNt program it part 
of the Engineering Internship Program, de- 
scribed In detail In tie School of Engineering 
esctton. 

Al MIT scptomores ki good standing can apply 
tor entrance to the program. Alternating periods 
at the Institute and at «»operating work sites are 
arranged so that graduation is not delayed 
beyond the normal dato. 

The oompanJes and laboratories parfctoatlng in 
the Internship program cover al Important 
aspects of ocean engineering. Assignments with 
tiese organizations provide opportunities to 

' :lpa» in actrvfbas such as construction, 
, design, development research, and 

1 planning. 

The Course Xlll-C program leading to *m 
Bachelor of Science in Ocean Engineering is 
accredited by the Accreditation Board for Engi- 
neering and Technology. 

The Course Xlll-C curriculum Is identical to 
Course XIII, except that 13.771 Engineering 
Internship (12 units) it taken in place of thel2 
units of Individual research or design project in 
the restricted etectves. Further details may be 
obtained from the department 

FIGURE 9   THE PROGRAM AT THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
FIGURE 9.   (^p^UCED FROM THE 1993.94 .BULLETIN, COURSES AND DEGREE 

PROGRAMS ISSUE") 
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the other departments at MIT, even though many of these would not normally be 
open to undergraduates. It should be noted that the required program courses include 
one entitled Fluid Mechanics for Ocean Engineers and another named Introduction to 
Geometric Modeling and Computations that are among those offered by the Ocean 

Engineering Department and by its faculty members, even though the general topics 
are obviously of interest to the programs in other engineering disciplines. The luxury 

of a larger faculty at MIT and elsewhere evidently permits such tailoring of the 
presentation of basic material to the needs of a single program, and the benefit 
derived is obvious. It should also be noted that the solid mechanics course required is 
that offered by the Mechanical Engineering Department, however, as is that in 
electronics and instrumentation, much as they are at other schools.   The "units" 

assigned to each course are the total of the number of hours of lecture or recitation, 
the number for laboratory or field work, and for preparation, one unit normally 
representing fourteen total hours of work for the term. The Design of Ocean Systems 
I and II courses are thus three plus four plus five and one plus four plus seven, 
respectively, and are similar to the capstone design sequence in most other programs 
of interest here in that the design process is taught in the first but in the second, at 
MIT, the student design projects are not usually ships or platform but smaller 
systems (such as experimental apparatus) and are often actually constructed and 
operated. 

Texas A&M University 

While the undergraduate curriculum in ocean engineering at Texas A&M is 
representative of those programs designated as in ocean engineering elsewhere, 
including as it does courses in wave mechanics and other aspects of physical 
oceanography along with those in basic coastal engineering and even hydroacoustics, 
it also includes the mathematics and mechanics and the other engineering science 
subjects that are included in the early years in naval architecture and/or marine 
engineering curricula or those of aerospace or civil or mechanical engineering. It is 
shown in Figure 10. Perhaps because of the close relationship with civil engineering 
there and the basic structures courses required for that discipline, however, ocean 
platforms of various types are the focus of several individual courses and the one 
entitled Dynamics of Offshore Structures introduces loading prediction and the 
concepts of linear structural dynamics as well as dealing with mooring and towing 
analyses for example. The Basic Coastal Engineering course, OCEN 400, deals with 
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Undergraduate Degree Program l Second Semester 
CVEN 205 Engr. Mech. of Mils. 

Cr* 
3 

B.S. in Ocean Engineering MATH 308 Differential Equations 3 
MEEN 213 Engineering Mech. II 3 

Freshman Year OCEN 201 Intro, to Ocean Engr. 2 

First Semester Cr" Directed electives1 6 
CHEM 102 Fund, of Chem IP 3 Military, air or naval science* 

CHEM 112 Fund, of Chem Ub IP 1 PHED 199 Jl 
ENDG 105 Engineering Graphics T 18 
ENGL 104 Comp. & Rhetoric 3 
MATH 151 Engr. Mathematics P 4 Junior Year 

Directed elective1 3 First Semester Cr* 
Military, air or naval science* CVEN 311 Fluid Dynamics 3 
PHED199 J. CVEN 336 Fluid Dyn. Lab 1 

17 CVEN 345 Theory of Structures 3 
GEOL 320 Geol. for Civil Engrs. 3 

Second Semester Cr* MEEN 327 Thermodynamics 3 
ENGR 109 Engineering Prob. Directed elective1 J 

Solving & Computing 3 16 
MATH 161 Engineering Math II 3 
PHYS 218 Mechanics 4 Second Semester Cr* 
Directed elective1 6 CVEN 302 CompAppl.in Engr.A Con. 2 
Military, air or naval science* CVEN 365 Geotechnical Engr. 3 
PHED199 J. ENGL 301 Technical Writing 3 

17 OCEN 462 Hydromechanics 3 
OCNG 410 Intro, to Phys. Ocn. 3 

Sophomore Year OCEN 300 Ocean Engr. Wave Mech. J 
First Semester 17 
MATH 251 Engr. Math III 3 
MEEN 212 Engr. Mech. I 3 Senior Year 

OCNG 401 Intro, to Oceanography 3 First Semester Cr* 
PHYS 208 Electricity & Optics 4 ELEN 306 Elcc. Circuits & Instrum. 4 
Directed elective1 3 OCEN 301 Dyn. of Offshore Structures 3 
Military, air or naval science* OCEN 400 Basic Coastal Engr. 3 
PHED 199 1 OCEN 401 Underwater Acoustics for 

17 Ocean Engineers 3 
OCEN 481 Seminar 1 
Technical elective2 

17 

Second Semester Cr* 
CVEN 321 Materials Engr. 3 
OCEN 407 Des. of O.E. Facilities 4 
OCEN 410 Ocean Engr. Lab. 1 
Directed elective1 3 
Technical electives2 6 

FIGURE 10. THE PROGRAM AT TEXAS A&M UNIVERSITY (REPRODUCED FROM AN 
UNDATED BOOKLET "OCEAN ENGINEERING AT TEXAS A&M 
UNIVERSITY") 
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such usual coastal engineering topics as seawalls and breakwaters but also is 

concerned with offshore pipelines and dredging and control of oil spills - topics included 

in what are designated as elective ocean engineering courses at only several of the 

other schools. There is a single course entitled Principles of Naval Architecture 

available as an elective, and the content is much like the introductory courses at the 

other schools but does seem to be the only one dealing specifically with ships. 

Florida Atlantic University 

The other two ocean engineering undergraduate programs, at Florida Tech and 
Florida Atlantic, are reasonably similar to that at Texas A&M as comparison of 

Figures 11 and 12 with Figure 10 will demonstrate, but Figure 11 shows that the 
curriculum at Florida Atlantic does allow for specialization in any of the five areas of 
concentration by means of four technical electives. This is an arrangement common 

in many undergraduate civil engineering programs, one of the areas always being in 

structures, another almost always in materials, and the rest varying with the 

different schools but more and more including recently one named environmental 

engineering. It should be noted that the area in fluids (parallel to one often found in 
civil engineering named hydraulics or hydrological engineering) at Florida Atlantic 
includes two courses called Ship Hydrodynamics I and II, and these and several of the 
structures courses do indeed include considerations of ships and offshore platforms as 
well as submarines and submersibles. The basic mechanics courses - in statics, 
strength of materials, dynamics, and fluid mechanics - and those in engineering 

materials and thermodynamics, the basic engineering science courses required in all 
undergraduate programs in the mechanics-based disciplines, are offered by 
Department of Ocean Engineering at Florida Atlantic and hence can presumably 
include some ocean engineering applications. The undergraduate enrollment is 
evidently large enough to permit this, and the benefits are obvious. Note also in 
considering Figure 11 that at Florida Atlantic the fall and spring terms are regular 

semesters but the summer term is only about six weeks in length. 

Florida Institute of Technology 

Florida Tech's undergraduate program is in some ways less comprehensive than 
that at Texas A&M and Florida Atlantic, but with a somewhat smaller faculty and 
somewhat fewer students the basic engineering science courses, for example, are with 
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The preferred program for four-re« students a Mad 

First Fal Term 
ColegeVWttngl (Gordon Rule) ENC1101              3 
General Chemistry 1 CHM204S              3 
Gen^ Chemistry 1 Lab CHM2045L             1 
Calculus 1 (Gordon Rut«) MAC 3311               4 
CORE course.... 

Reason and Value (OR) PH11030                 3 
Introduction to Ocean 

Engineering EOC 3000              1 
subtotal               15 

Bret Spring Term 
General Physics 1 PHY3O40              4 
General Physic« 1 Lab PHY3040L             1 
Calculus II (Gordon Rule) MAC 3312              4 
CotiegeWrBng II (Gordon Rul«) ENC 1102              3 
PASCAL COP 2210             a 

subtotal               15 

First Summer Ten» 
Macroeconomics ECO 2013              3 
Statics EOC310S              3 
CORE course... 
Fine Arts ARH2000.« 

MUL2010.0T 
THE 3000              I 
subtotal                I 

Second Fal Tern 
Engineering Ethics PHIXXXX              3 
Calculus ■ MAC 3313              4 
General Physics 1 PHY3041               4 
General Physics 1 Lab PHY 30411              1 
CORE course.- 
Hbtory of CMfaafcn (GR) WOH2012              2 

subtotal               15 

Second Spring Term 
Dynamics EOC3113              3 
Strength of Materials EOC3150              3 
Engineering Mat) 1 MAP 3305              3 
General Chemistry 1 CHM2046               3 
General Chemistry H Lab CHM2040L             1 

subtotal               13 

Second Summer Term 
Engineering Mam 1 MAP 4308              3 
Engineering Graphic« EOS 1111               3 
Network Analysis and Electrical 

Machine« EEL 3004                & 
subtotal                • 

Third Fal Term 
Thermodynamics EML3141               3 
Marine Geochemistry OCG3001              3 
Vibrations EOC3114               3 
Numerical Meth. or MA034000T           3 
ProbabSty ft Statistics STA 4032                3 
Analog Electronics EEL 3003                3 

subtotal                15 

Third Spring Term 
Fluid Mechanics 
Materials 
Acoustics 
Technical EJectrel 

Third Summer Term 
CORE course... 
World Geography 
Technical Elective 2 
Microeconomics 

Fourth Fal Term 
Phys. Oceanography ft Wav« 

Mechanics 
Ocean Engineering Systems 

Design* 
DtgSal Electronics 
Technteal Elective 3 

Fourth Soring Term 
Ocean Thermal Systems 
Ocean Engineering Systems 

Oesign Project 
Technical Elective 4 
Ocean ft Environmental Data 

Analysis 

EOC3123 
EOC3200 
EOC3306 

subtotal 

GEA2000 

ECO 2023 
subtotal 

EOC4422 

EOC4804 
EEL 3341 

subtotal 

EOC 4193 

EOC4804L 

EOC4631 
subtotal 
TOTAL 

3 
3 
3 
a 

12 

3 
3 
a 

12 

3 
3 

a 
12 

135 

TtttinteaJ Eteflvea, 
Compiett at least four technical elective*, three of 

which must be from a single area of spectafeation aa 
indicated in the foBowIng: 

FLUtDS 
Ship Hydrodynamics 1 EOC4503 
Sr^rrydrodynamlcsU EOC4510 
Underwater Sound Prop. EOC4306C 
Erw. Eng. ft Aquatic Peftution OCC4060 

MATERIALS 
Batteries and Fuel Cefts EOC4202 
Marine Materials ft Corrosion EOC4204C 
Advanced Engineering Materials EOC4201C 
Ocean Structure« EOC4410C 

ENVIRONMENTAL ENGINEERING 
Env. Eng. ft Aquatic Portion OCC4090 
Marine Geotechrtque EOC4220 
Vibration, Shock, ft Noise Con.      EOC4116C 
Shiprtydredynamicsl EOC4503 

ACOUSTJCS AND SIGNAL PROCESSING 
Underwater Sound Prop. EOC4308C 
Vforation. Shock, ft Noise Con. EOC4113C 
Ship Hydrodynamics I EOC4503 
Env. Eng. ft Aquatic PoOution OCC4060 

STRUCTURES 
Marine Gectechnfque EOC 4220 
Ocean Structures EOC 4410C 
Oesign of Marine Steel Struct EOC 4414 
Design of Marine Concrete Str. EOC 4415 

FIGURE 11. THE CURRICULUM AT FLORIDA ATLANTIC UNIVERSITY (REPRODUCED 
FROM THE 1994-95 "UNDERGRADUATE CATALOG") 
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DCGKEE KBQtJntfMENTS 
Candidates for a Bache tor of Science in Ocean Engineering 
raust complete (he minimum course requirement! outlined in 
(tie following curriculum. Deviation from the recommended 
program may be made only »in the approval of the student's 
(acuity advisor and the concurrence of the department head. 

For definition of elective« for engineering programs, see the 
Undergraduate Information and Regulations section of (his 
catalog. 

fresbnutu Yettr 
Fa* Creditt 
BUS   1301  Basic Economics* 3 
CHM 1101 General Chemistry 1 4 
COM 1101 Composition and Rhetoric - 3 
MTH 1001 Calculus 1 4 
OCN 1001 Oceanography and Environmental Systems 3 

17 
Sprit* 
COM 1102 Writing about Literature 3 
MTH 1002 Calculus 2 4 
OCE 1001 Introduction to Ocean Engineering \ 3 
PHY 1001 Physics 1 1 4 
PHY 2091 Physics lab 1 - 1 

t>SocialScience EJecttot 

Sophomore Year 
Fal Credfei 
HUM 2051 Civilization 1 3 
MAE 2081 Statics 3 
MTH 2001 Calculus 3 - 4 
PHY 2002 Physics 2 4 
PHY 2092 Physics Lab 2 1 
CSE   xxxx Restricted Elective (Computer Science)  3 

19 

HUM 2052 Ovffization 2   -3 
MAE 2082 Dynamics 3 
MAE 3082 Deformable Solids 3 
MTH 2201 Differential Equations and Linear Algebra ...4 
OCN xxxx Restricted Elective (Oceanography) 3 

IS 

OCE 4911  Marine Field Project   \ 
OCE  4912 Marine FWd Project  j 
OCE 4913 Marine Rdd Project     3 

Senior Year 
Fafl Credits 
CVE   3015 Structural Analysis and Design 3 
OCE  4525 Coastal Engineering Structure 3 
OCE  4545 Hydroacoustics 3 
OCE xxxx Restricted Elective (Ocean Engineering) 3 

Humanities Elective  3 
B 

Spring 
CVE  4000 Engineering Economy and Planning 3 
OCE 4518 Protection of Marine Materials 3 
OCE 4542 Ocean Engineering Systems Design 3 

Humankies or Social Science Elective 3 
Technical Elective 3 

n 
TOTAL CREDITS REQUIRED 135 

Fa« 
COM 2223 Scientific and Technical Communication. 

Credits 

OCE 3010 
OCE 3030 
OCE 3033 
OCN 3401 

Spring 
ECE 4991 
MAE 3191 
OCE 3521 
OCE 3522 
OCE 4541 
OCE  45'! 

Engineering Materials.... 
Fhad Mechanics  
Fluid Mechanics Lab  
Physical Oceanography. 
Free Elective  

Electrical Circuit  
Engineering Trierrricdynamics 1   
Hydromechanics and Waves  
Water Wave Lab  
Ocean Engineering Design  
Fundamentals of Na>al Architecture 

IS 
FIGURE 12. THE PROGRAM AT THE FLORIDA INSTITUTE OF TECHNOLOGY 

(REPRODUCED FROM THE 1993-94 "UNIVERSITY CATALOG") 
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the exception of fluid mechanics offered by and taught by faculty from other 

departments. There is a required course in Fundamentals of Naval Architecture, 

however, and elective courses in preliminary ship design and another devoted to the 

design of high-speed small craft that are available for undergraduates. But, despite 

quite a number of graduate courses also devoted to various aspects of ships and 

platforms, the bachelor's degree graduates are probably not usually as well prepared 

to practice naval architecture as graduates from one or two of the other programs 

that are presented as being in ocean engineering. For the most part those who have 

created these programs do not now nor did they ever see them as variations of the 

existing programs in naval architecture and/or marine engineering, with their 

graduates also being educated for careers at say ship design firms or shipyards, but 

the presence of naval architects among the faculty members for all of these 

programs and the fact that a platform of some sort is essential in almost any 

conceivable ocean system has led to material concerning or common to naval 
architecture being included in their curricula. Similarly, many aspects of ocean 
engineering beyond those that relate to the design of floating platforms and other 

offshore systems are now included in the courses offered at the schools and in the 
units that have housed the traditional naval architecture and/or naval architecture 

and marine engineering programs. 

Graduate Programs 

Graduate programs in the U.S. and Canada in naval architecture and/or naval 

architecture and marine engineering or in ocean engineering are not as amenable to 
fixed or even reliable description as have been the undergraduate programs. 
Curricula are not usually published in terms of listings of required courses and almost 
never in suggested sequential term requirements. Further, several levels and types of 

degrees are available: master's degrees in engineering, master of science and master 

of science in engineering degrees, what are termed professional degrees leading to the 

titles of Naval Architect or Ocean Engineer or Naval Engineer (and Marine Engineer 

as well, a matter of no great interest in this report), and doctoral degrees of 
engineering and of philosophy. Some schools have programs leading to combined 
bachelor's and master's degrees as a single integrated curriculum, and there is a 
continuing trend that seeks to establish the master's degree rather than the 
bachelor's degree as the true measure by which a graduate might rightfully deem 
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himself or herself an engineer professionally qualified to enter practice utilizing 

today's high technology procedures and well aware of the vast increase in knowledge 

and capability that can now be applied in resolving engineering problems. 

Several among the dozen schools included above do not offer graduate study; as 
indicated above, Webb is only about to initiate a master's degree program, and 

neither the Coast Guard Academy nor the Naval Academy have graduate programs. 

But the Technical University of Nova Scotia in Halifax does, and therefore it and the 

remaining programs, in the same order as above, will be discussed. There is no 

accreditation normally sought by graduate programs, and while several other 

programs could perhaps be included these ten are considered, as before, adequate for 

the purposes of this study. 

The University of Michigan 

The Michigan graduate program in naval architecture and marine engineering 

has very recently been significantly revised, not as yet eliminating the existing 
specialization options but now focusing on just two "Areas of Excellence." These are 
first, Marine Hydrodynamics and Marine Environmental Engineering and, second, 
Concurrent Marine Design, and they are intended to categorize departmental and 
individual faculty research interests and activities as well. A minimum of 30 credit 
hours of courses must be completed to earn a master's degree and there are level and 
distribution requirements as well. The Master of Science degree, unlike the Master of 

Science in Engineering degree, requires a thesis and is now viewed as the more 
scientific choice preparing graduates for careers in research and development or for 
continuing study towards the doctoral degree. The Master of Engineering degree is at 
present in Concurrent Marine Design, or in an interdisciplinary program in 
manufacturing with specialization in naval architecture and marine engineering. The 
relatively new M.Eng. degrees are administered by the College of Engineering while all 
of the other degrees are granted by the Rackham School of Graduate Studies - an 
umbrella-like organization that among its other responsibilities attempts to insure 
some degree of uniform high quality among all graduate degree programs throughout 
the University whether they be in anthropology or zoology or any field in between. 
Students seeking admission to the M.Eng. degree programs must have a bachelor's 

degree in an engineering discipline plus relevant industrial experience, and initially it is 
intended primarily for those who plan to return to industrial careers.   The two 
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professional degrees of Naval Architect and Marine Engineer require an additional 30 

credit hours of course work beyond the master's degree requirements and successful 

completion of a comprehensive examination, and both emphasize application of 

engineering science at the level of advanced engineering practice. The Doctor of 

Philosophy degree also requires additional course work beyond the master's degree 

requirements, plus pursuing an independent investigation in a special new area or 

concern of naval architecture and marine engineering so as to complete a dissertation 

that contributes original and significant knowledge and understanding to this 

discipline. Doctoral committees are created for each doctoral candidate after their 

successful completion of preliminary examinations and preparation of a prospectus 

describing their intended investigation, but the chairman of the committee is the 

student's chosen advisor and usually has assisted in preparing the prospectus. Most 

faculty members chair one or more committees and are members of others at any 

given time, and at Michigan seven faculty members are also assigned as the 

specialization option advisors, under a single overall graduate program advisor or 

chairman, for each of the still used eight specialization options: computer-aided 
marine design, marine engineering, marine production, marine structures, marine 
systems management, and offshore engineering, all within the concurrent marine 

design area; and marine hydrodynamics and marine environmental engineering in 

that area. 

There is at Michigan, as at some of the other schools, the possibility of earning 
an interdepartmental but single master's degree in several disciplines simultaneously, 

and this requires at least 40 credit hours of graduate-level work. There is also the 
opportunity to pursue simultaneously two separate master's degrees, and this 
requires a minimum of 50 hours of graduate-level work. In addition, a joint M.S.E. in 
Naval Architecture and Marine Engineering / M.B.A. in Business Administration 

program has been available for some years and it requires 45 credit hours in business 
administration plus usually fewer than the 30 hours normally required for the M.S.E. 
degree depending on the business administration courses elected. Additional aspects 
of the graduate programs at Michigan, such as how faculty assignments or 
promotions are made, how graduate students are supported, more detailed 
descriptions of several key if not all individual courses, how frequently specialized 

graduate-level courses - usually with small numbers of students enrolled - are 
offered, the special arrangements with the U.S. Coast Guard and the normal 

procedures for the contingent of Coast Guard officers assigned there for study each 
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year, and others, would need to be described to provide a more complete 

understanding of them (or of any of the programs at any of the other schools), but for 

the purposes of this study the more pertinent details on the structural specialization 

option and the structural courses will be covered in the next section of this report. 

The University of New Orleans 

The School of Naval Architecture and Marine Engineering at New Orleans 
graduate program is much less extensive and complicated, but is otherwise similar if 
limited. The single master's degree program leading to a Master of Science in 
Engineering in Naval Architecture and Marine Engineering, does have two options, 
one requiring 33 hours of graduate credit and the other requiring a thesis and 30 hours 
of graduate work including six hours of thesis research. As is done with the 
undergraduate courses, most of the graduate-level courses are also offered late in the 
day so part-time students can work toward an advanced degree. No areas of 
specialization are formally defined and there is no Doctor of Philosophy degree 
program specifically in naval architecture and marine engineering., 

Memorial University of Newfoundland 

At Memorial graduate students can earn a Master of Engineering and Applied 
Science degree in ocean engineering by completing a program that includes four 
courses and a thesis. It is offered within the School of Graduate Studies, but the 
courses are taught by and the thesis is directed by the Faculty of Engineering and 
Applied Science. The Doctor of Philosophy degree, actually in ocean engineering, is 
similarly awarded and directed. There are 34 courses available that are numbered 
9000 and above (i.e., at the graduate level). There is also a special program entitled 
the VLSI (for Very Large Scale Integrated) Design Programme offered in conjunction 
with the Department of Computer Science and leading to a Master of Engineering 

degree. 

The University of California - Berkeley 

The graduate studies programs at Berkeley offered by the Department of Naval 
Architecture and Offshore Engineering can lead to any of an array of degrees: Master 
of Science in Engineering and Doctor of Philosophy in Engineering, Master of Science 
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in Engineering Sciences and Doctor of Philosophy in Engineering Sciences, and 
Master of Engineering and Doctor of Engineering. The latter degree has been in place 

for a number of years and Berkeley is one of only a few schools that now awards it, 
but there is a strong trend at many of the better engineering colleges towards doing so 
as well. This is partly because the Master of Engineering - rather than the Master of 
Science in Engineering - programs have been well received by industry and because 

the so-called professional degrees are still not well understood outside academic 
circles.   At Berkeley the Master of Science degrees require at least 20 units of 

primarily graduate work plus a thesis, or a minimum of 24 units and a comprehensive 

final examination. The Master of Engineering program is awarded for completion of a 

minimum of 40 units of which at least 20 must be for graduate courses and the total 

program must include 16 to 20 units oriented towards design and analysis. There are 

other distribution requirements much as for the graduate programs at the other 
schools being discussed, and while each student has considerable latitude in selecting 
the courses to include his total program has to be acceptable to his or her academic 
advisor, the department, and the college.   With only a few departmental faculty 
members at present, and hence a limited number of graduate courses available from 
the department, it may well be that the current graduate students at Berkeley must 

complete a number of courses offered by other engineering departments.   But 
Berkeley is a large and truly outstanding engineering college and this should not be a 
significant problem.   The doctoral degree requirements are similar to those at 
Michigan - and MIT, Texas A&M, etc. - but four semesters of residence, a minimum 
of 33 units of formal courses, a program consisting of one major field and two minor 
fields, the usual qualification exams (often referred to as prelims), and a thesis that 
demonstrates the candidate has made a creative contribution to the knowledge of the 
chosen field of study or (for the Doctor of Engineering) to the solution of a significant 
engineering problem, are all mentioned specifically in their graduate publications. It 
is very interesting, however, that the Naval Architecture and Offshore Engineering 
Department alone at Berkeley still has a doctoral program language requirement. A 
combined engineering and business administration program, and several other 

interdisciplinary programs are available at Berkeley. 

Virginia Polytechnic Institute and State University 

At   Virginia   Tech   the   graduate   programs   in   ocean   engineering  are 
administratively in the Graduate School and are much like those at the other 
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universities, the same degrees - Master of Science with or without a thesis, Master of 

Engineering, and Ph.D. - but in ocean engineering are awarded and the same 

procedures, particularly for the Doctor of Philosophy degree, are followed. There are 
some 34 graduate courses offered by the Aerospace and Ocean Engineering 

Department, 30 credit hours including 15 hours of 5000-level or above courses are 

required in the two master's degree programs, a thesis counting for 6, and 27 hours of 

graduate level courses are required in the doctoral program. 

Massachusetts Institute of Technology 

At MIT graduate students in the Department of Ocean Engineering can 

currently earn Master of Science, Master of Engineering, and Doctor of Philosophy or 
Doctor of Science degrees, and the professional degrees of Ocean Engineer or Naval 
Engineer. The latter is associated with the Naval Construction and Engineering 
program for naval officers, known as XIII-A. The Ocean Systems Management 
program is known as XIII-B, and the Joint MIT-Woods Hole Oceanographic 
Institution program is designated XIII-W. There are a number of other special 
programs combining ocean engineering studies with, for example, technology and 
policy or with management of technology, but the program designated as XIII without 
a following letter does lead to either a Master of Science in Ocean Engineering or a 
Master of Science in Naval Architecture and Marine Engineering. There is a new 
program in Marine Environmental Systems leading to a Master of Engineering 
degree. The size of the Department of Ocean Engineering faculty at MIT and the 
breadth of their backgrounds and activities, along with the recognition that the 
current MIT catalog indicates they offer no less than 85 individual courses which 
carry graduate credit, insures that their graduate students can together with their 
individual academic advisors select some number of courses suitable for their own 
interests and career objectives while still meeting the appropriate degree 
requirements. At least 66 graduate subject units and a thesis are necessary for the 

Master of Science degree. 

Texas A&M University 

Graduate studies in ocean engineering at Texas A&M include programs leading 
to the degrees of Master of Engineering requiring a minimum of 36 credit hours, 
Master of Science in Ocean Engineering requiring a minimum of 36 credit hours plus a 
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thesis, Doctor of Philosophy in Ocean Engineering requiring a minimum of 64 credit 

hours beyond the Master's degree and a thesis, and Doctor of Engineering which 

seemingly is awarded infrequently and requires industrial experience as well as a final 

comprehensive examination. There are 18 graduate-level ocean engineering courses, 

only two of which are concerned with structures even though ocean structures (along 
with coastal engineering and marine hydrodynamics) is considered one of the primary 
areas of interest. There are, however, suitable additional structures courses in 
mechanical and civil engineering so that comprehensive individual programs can be 

arranged; but ship structures specifically would not be the focus. 

Florida Atlantic University 

The close relationship between ocean and civil engineering at Florida Atlantic is 
apparent in that the Department of Ocean Engineering offers master's degrees in 

both disciplines, but a student interested in structures generally would probably 
attempt to satisfy the requirements for that major in the civil engineering program 
while one interested in marine structures would be enrolled in the ocean engineering 
program. The Master of Science in Engineering (Ocean Engineering), or (Civil 
Engineering) degree requires a minimum of 30 credit hours of which up to six must be 
for research related to a thesis, while the Master of Engineering (Ocean Engineering), 
or (Civil Engineering) requires 33 credit hours plus passage of an oral final 
comprehensive exam. The Doctor of Philosophy degree in Ocean Engineering 
program includes 30 hours of course work beyond the master's degree, the thesis and 
the research for it, and very much the same arrangement as at all of the other 
schools with a qualifying exam - called General Examination I at Florida Atlantic - 
before candidacy and a thesis defense - called General Examination II. The current 
graduate catalog lists 53 graduate-level courses given by the Department of Ocean 
Engineering and at least one-quarter of them are in the structural mechanics or 
materials and fracture mechanics areas, but as at Florida Tech the application focus 

is not on ships in any of them. 

Florida Institute of Technology 

At Florida Tech 30 credit hours, including a thesis, are required in the Master of 
Science in Ocean Engineering program, although there as elsewhere the thesis is 
valued at 6 credit hours and can be replaced by two additional courses if the student 
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can produce the results of a similar effort performed previously at Tech or somewhere 

else. There are four subject areas, one of which is Materials and Structures (the 

others are Marine Vehicles and Ocean Systems, Coastal Processes and Engineering, 

and Fisheries Engineering) even though there are only two graduate-level structures 

courses in ocean engineering required. The Doctor of Philosophy degree program is 

similar to that at other schools, but 48 credit hours beyond the master's degree are 
required. While this seems onerous it is tempered by the allocation of 24 of these for 

the thesis work. 

Technical University of Nova Scotia 

The graduate program in Naval Architecture and Marine Engineering at Nova 

Scotia is administratively under the Faculty of Engineering - equivalent to a school or 
college in the U.S. - and the individual faculty members have their appointments in 
the Department of Mechanical Engineering. With a slightly different name than the 

M.S.E. degree awarded at most U.S. schools, the Master of Applied Science degree at 
TUNS is similar particularly in contrast to the TUNS Master of Engineering degree 

in the same sense as in the U.S. It requires completion of a minimum of six courses 

and a thesis, while the Master of Engineering requires completion of a minimum often 
courses but two of which can be for the required project. Because most students 

entering the program have not earned their undergraduate degrees in naval 
architecture or in ocean engineering (at least not at Canadian schools) some 
adjustments in the ten course requirement are made for those who did have their 
degrees in mechanical and civil engineering - reducing it to eight, for example - that 
probably would not occur with other engineering disciplines. The Doctor of Philosophy 

requirements and procedures are very similar to those at the U.S. schools as 
described above. Some 16 graduate-level courses covering the usual subjects in 
ocean engineering and naval architecture are listed in the mechanical engineering 
series in the current catalog (calendar) and together they deal with ship and platform 
concerns reasonably comprehensively and are concerned not at all with such topics 

as coastal processes and oceanographic instrumentation. 
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STRUCTURAL ANALYSIS AND DESIGN COURSES 
IN NAVAL ARCHITECTURE AND OCEAN ENGINEERING 

CURRICULA 

This section of this report will include descriptions - for the most part from the 

same publications used earlier in describing the various undergraduate and graduate 

programs, but also in more detail by means of syllabuses and outlines or portions 

thereof exactly as provided by professors responsible for or actually teaching the 

courses - for those courses which deal with ship and offshore structural analysis and 

design in the programs at each of the schools considered in the foregoing section. 

Including all of the syllabuses in hand, and much of the ancillary information needed 

to explain some of the other details of the individual courses or to provide fully the 

context in which they are presented in the respective institutions' own publications, 

would needlessly make this section massive in size and far more cumbersome than 
deemed necessary to reach the conclusions sought. Enough material at both the 
undergraduate and the graduate level will be provided to suggest that while many of 
the schools may use more courses to cover essentially the same ground, or even 
consider worthy of graduate credit courses that cover topics that at another one are 
in those meant for undergraduates, or in elective courses, cataloging the distinctions 
among the programs is considered not as much needed as is the ability to judge what 
current program graduates generally should know and understand and how 

professionally capable they should be. 

Individual Course Descriptions 

Webb Institute 

As indicated above, Webb is in the unique position of having only a single 

curriculum and can therefore integrate the courses in the curriculum to great 
advantage. The actual course descriptions of interest from their catalog will not be as 
useful here as the excerpt from a letter from Professor George Petrie shown in 
Figure 13. Note that rod and beam element stiffness matrices are introduced in the 
basic strength of materials course in the second year prior to the students taking any 
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course in ship structures, for example, and that a midship section is prepared in their 

first-year CAD/graphics course. (It should also be noted that while that first course 

in ship structures for example is in the figure referred to as NA-4, in the Webb catalog 

Roman numerals are used.) Syllabuses for NA IV, Ship Structures; NA VI, 

Elements of Ship Design and Production; NA VIII, Ship Design II; and for the 

strength of materials course are given in Figures 14 through 17. The ship design 

course is the second of two covering preliminary design, as it is in this course that the 
structural design is accomplished. 

The University of Michigan 

If the total Webb undergraduate program is indeed very nearly an ideal example, 

the Michigan undergraduate program is in the same sense the best representative of 

many of those at other schools, including those once available at Berkeley and MIT. 

The principal undergraduate courses in marine structures are NA 310, Marine 
Structures I, and NA 410, Marine Structures II.  Not all undergraduate students 

elect the latter since it is not actually specifically required, but most do. It can also 

be taken for graduate credit, and all master's degree students must now elect the 

third course in the structures sequence, NA 510, Marine Structural Mechanics, and 
hence must be familiar with the material in NA 410. The catalog course descriptions 
along with their outlines are shown in Figures 18 through 20, respectively. Because 
the same textbook is used for both NA 310 and NA410, pertinent portions of the 
Table of Contents of it are reproduced in Figure 21.   What can not so easily be 

represented are the soft cover bound "course notes" that are absolutely essential in 
describing fully how the subject matter dealt with in each of these courses, but the 
tables of contents of the versions prepared by Professors Vorus and Karr now being 

used in NA 310 and in NA 510 are reproduced in Figures 22 and 23 and the 
agreement with the course outlines is obvious.  Course notes, or "course packs" as 
they are now known on most campuses, often make liberal use of figures and data 

from textbooks and other references (and while the sources are always given this 
practice has many of the original publishers very much concerned and has led to a 
number of law suits) but blend these and the instructor's own material into a 
coherent package that reinforces and to some extent supplements the lectures. 

Several additional courses in structures beyond NA 510 are available for graduate 
students at Michigan, including particularly NA 518, Strength Reliability of Ship and 
Offshore Structures, and NA 574, Computer-Aided Hull Design and Production. 
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NA IV - SHIP 8TRUCTURBS PROF. PETRIE 

Lecture 
No. Pate 

1. M-8/22 
2.3. T-8/23 

4. Th-8/25 
5. M-8/29 

6.7. T-8/30 
8. Th-9/1 
9. M-9/5 

10.11. T-9/6 
12. Th-9/8 
13. M-9/12 

14.15. T-9/13 
16. Th-9/15 
17. M-9/19 

18.19. T-9/20 
20. Th-9/22 
21. H-9/26 

22.23. T-9/27 
24. Th-9/29 
25. M-10/3 

26.27. T-10/4 
28. Th-10/6 
29. M-10/10 

30.31. T-10/11 
32. Th-10/13 
33. M-10/17 

34.35. T-10/18 
36. Th-10/20 
37. N-10/24 

38.39. T-10/25 
40. Th-10/27 
41. M-10/31 

42.43. T-ll/1 
44. Th-11/3 
45. N-ll/7 
46. T-ll/8 
47. Th-11/10 
48. M-ll/14 

49.50. T-U/15 
51. Th-U/17 
52. M-ll/28 

53.54. T-ll/29 
55. Th-12/1 
56. M-12/5 

57.58. T-12/6 
59. Th-12/8 

TPPVC. 

FALL 1994 

Readin« 

Course Overview 4 Introduction    1-16 
General Approach to Analysis      78-84 
of Design 
Sources of Loading 
End Launching 
Lab-Launching Project 
Load Transfer 4 Framing Systems 
NO CUSS - LABOR DAY 
Lab-Launching Project 
Candidate Structure Design Procedure 
Plate Bending Theory 
Lab-F.E.M. Intro; ALGOR plate modelling 
Shear Lag-Effective Width 
Modelling of Combined Beaa and Plate 
Lab-ALGOR-beaa flexure 
Hull Hodule; Structural Modelling 
Hull Module; Loads k  B.C. 
Lab-ALGOR-stiffened panel 
Hull Girder Shear Flow 
EXAM «1 
Lab. - Project I - Hull Module 
Design Criteria 
Failure Modes 4 Liait States 
Lab. - Project I 
Fatigue Assesaaent 
NO CLASS - FALL RECESS 
Lab. - Project I 
Large Deflection Plate Bending Theory 
Intro, to Elastic Buckling of Plate« 
Lab. - Project I 
Plate Buckling 
Stiffened Panel Buckling 
Lab. - Project I  DUE 
Principal Heaber Analysis - Modelling 
Principal   "     "       Loads 4 B.C. 
(Monday Schedule) Intro, to Project II-P.M.A, 
GRP - Material Properties 
GRP - Single Skin 4 Cored Construction 
Lab. - Project II 
SNAME Meetings 
GRP - Panel Design 
Lab. - Project II 
GRP  -   Panel  Design 
GRP  -   Stiffener  Design 
Lab.   -   Project   II 
GRP  -   Stiffener  Design 

FIGURE 14. SYLLABUS FOR WEBB COURSE NA IV, SHIP STRUCTURES 
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310. MiriM Stnrcturss I 
Ptettquisik: U£ 211.1 (4 credits) 
(Xasi-sbtic analysis ol ship hulls and offshore structures. Hull primary response. 
Introduction to probabilistic approach Ptaled structures and ship structural components. 
Confined stresses and failure (tones. Framing systems. Brittle fracture and fatigue 
failure modes, structural details. Midship section synthesis, classification society rules 
stress superposition. Material and fabrication considerations. 

NA510 HARIKE 8TRUCTUUS I 

Ptü 19M 

COURSE OUTLINE 

I. frirodoctioQ 

ft. Sal Water Losdia| 
b. Wive Loadiif 

II. Bcaa Stress Analysis 

ft. Comcosite Beam BeacSQf 
b. Midship Section Analysis 
c Besa Bocfc&aj 
d. Stress Superpositioa 
e. More TbofosjB Evaluate* of Stress 

II!.     Stiffened PUte sad Framing Systems 

«. KoQ Trsasverse Streaftk 
b. Static Stability sad Defertrinacy 
c Beocb| sad Bvcifu^ of Re<tui{uUr Pistes 

IV. Eaap Methods 

a. Work sad Straft Energy 
b. Virtual Work sad Bquffibriaai Raqutraneats 

V. Raise Bcmeot Analysis 

VI. FaSore Analysis 

s. DocfjJe sod BrioJe Fsflure Crams 
KFracturs 
crstigas 

VI.    StTBCtwal DetaOs 

s. Stress Cooceetratkws 
a. Weld Stress Analysis 
c. Bolted CooDcctioas 

Usia 

I 

II 
23 

2S 
33 
44 
® 
7B 

95 

97 
KB 
110 

ill 

111 
II« 

127 

139 

139 
139 
139 

140 

140 
140 
144 

la 
I.I-M 

12.1-12.5 

11-2.4 

13.1-13.4 

5.I-5J 

19.M9.« 

41-4.6,15.1 
15.1-15.4 
16.1-163 

14.1-143 

CWRSE MATERIALS; 

KSTRUCTOfc 

Prrf.DsJsO.IUrr 
NAME236B 
764-3217 

Course 
T«fc 

William S. Vorus k Dele 0. Karr) available at Ulrica's 
Mechanics ofkkKriak, by Boresi, Schmidt, sad StdeboOom; fifth «dick». 

FIGURE 18. MICHIGAN CATALOG DESCRIPTIONS, AND COURSE OUTLINE FOR 
NA 310, MARINE STRUCTURES I 
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Ilt.MtriMStnKtwMfl 
Awjgus/te. NA310.pfecaMoftocofnp»)iedbyNAm I, II (3 credits) 
Equilibrium methods, energy methods and matrix methods are applied to problems in 
linear elastic beam theory. SoMions lor classic beam probtents include static bending. 
(orshm. bucldino. and vibration. Mooting and analysis techniques for ship and marine 
structural design art reviewed. Introduction to finite element analysis. 

NA41I MARINE STRUCTURES U 

Fall 1*94 

Coom OOUIM 

L       Imsymmetrical Bean Beo&fif aad Exteasioa 

a. BqoaiWuei, Sbtssea, aad Defaetioa 
b. SSeer Ceofca 
c.Bastic$tab£qr 

D.      EbeftYMeOofr 

a. Work aad Eaefff 
b,rV»^rfMi2MTouJPWeod*lEi<t0 
fcCastif)iasrt Theorems 
dRedpooalTtaxeai 
«xRayleij^KtzMedod 

HL     Tonka 

a. Crcfllar aad Noactrcoiar Owe Seotioa* 
k. TbiaWeDed Ckaed Croe« Sectioaa 
cWarptat 
d. Lafend-Tonioaat Beam BactCaf 

IV. B**ic-R«ticAMiy* 

a.IdeaIFtaiCkiCy 
b. limk Aaaivttt of Beaoa 
e. Takk-Waoed ffcetstare Vesaeb 

V. fiateBemeatAaafyab 

a. Beam* aad Bean System« 
kRatt-aadSca^e-mmeAaafyais 

lot 

7.1.7,4 

12.M2J 

5.1 
12-14 

4.1-43 
«4 
«.7 

4.I-U 
4.9.7J 
II.I-IIJ 

19.3 

INSTRUCTOR; 

ftof. Dale 0. Karr 
KÄME 23« 
764-3217 

IESL 
Advanced Mechanics of Jfc»**ifa.ayBQ<e«,Sc*ini*andSid^^ 

FIGURE 19. MICHIGAN CATALOG DESCRIPTION, AND COURSE OUTLINE FOR 
NA 410, MARINE STRUCTURES II 

-46 



510. Mirlni Slrvtiunl Mechanics 
PrertquisOt: HA310or(XE312o(M£3110(Aeto3U K(4crtdits) 
Von Karman plate equations. Strip-beam and plat« solutions with geometric ami material 
ooo-linearibes Application to ship and piatlorm analysis in damage condition The 
flange tripping non-lineaf«*. Elastic and plastic analysis of flat plates Effects of aspect 
ratio. Ship main-deck buckling example. 

NASH MARINE 8WUCTWUL MECHANICS 
Wk«*r (Mf 

COU.-M 0»U!ti 

TtxtQujtfi lasts. 

I. lalroductjot 

•.GeonKtrkanwi Material Noofioeantia 
kwTrlppii* of Plate StifletMn - 

II. CooÖBuua Mediate* 

•.Stress tat De vitioric Stress Teason ii   ■ * 
ltkt<XTD*k»Tt**Xt \'\    l* 
t,SttaltTmton \'i   ... 
CCeoAMfveBqusfJoB* 1.12-1.1 J 

III. Voa Kara« Rate Eqttatio« jj 

•.toe!t!K«$treü-D(q^act«De«ReU6oM 
k Kkcboff Afproxlasacks)« 
c ßjuflitxfoea fcud Oootpvtititlky EojMtkai 

IV. CtatfusafV*H«tioM 2.1*2.12 

ikl^iacipUefVtrnHiWotk JI-JJ 
kftitdpfccfMataom Total Potee&l EMffy iV 

I. BtSer-Upftue Equatfo* 
ii. Natural aad Kl*«iiÖc BoeodiryCoodttioei 

V. AffficackMi 

IL Strip Bern Aaahrse« (••. 
kSM*TW«riProNeaai «• ** 
c Fhae Sss&cxy 7 T»   • ~. 
4n»rnaoAeakoB«« li      " 
«.Cianic^naoTheoqr &l-«.7 

VL     f*3tttafftate* 

a. Rate Bw*E«| 8.13. «n 
kfcäBwtfei$t«*|tii ,J   B-15 

e. ErTtctivt VK» aod Brc«Mi 

VII.     latnxJoctSoa to Theory of PTasdcity 

a. YitM Cooditjoo» 
K Ripd, Perfectly PUstic Defonnatioo 
«. Upper and Lower Bound TVortmi 
4. PlisrJc Coflap« of Structural EJenwttt 

INSTRUCT^- 

fmttMtaXm 
NAME »SB 
764-MI7 

2E203. 

Dyn. 

FIGURE 20. MICHIGAN CATALOG DESCRIPTION, AND COURSE OUTLINE FOR 
NA 510, MARINE STRUCTURAL MECHANICS 
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NA 310 • MARINE STRUCTURES I 

Tabk of Conlcnü 

I.    INTRODUCTION 

a. Still Wat« Loading 
b. Wave Loading 

II.    BEAM STRESS ANALYSIS 

a. Composite Beam Bending 
b. Midship Section Analysis 
c. Beam Buckling 
d. Stress Superposition 
e. More Thorough Evaluation of Stress 

IH.    STIFFENED PLATE AND FRAMING SYSTEMS 

a. Hull Transverse Strength 
b. Static Stability and Determinacy 
c. Bending and Buckling of Rectangular Plate 

rV.    ENERGY METHODS 

a. Work and Strain Energy 
b. Virtual Work and Equilibrium RequiremenTS 

V.    FINITE ELEMENT METHOD 
a. Virtual Work 
b. Truss Bar Elements 
c. Beam Finite Elements 

VI.    FAILURE ANALYSIS 

Vn.    STRUCTURAL DETAILS 

a. Stress Coocentrations 
b. Weld Stress Analysis 
c. Bolted Connections 

APPENDK A     References 

APPENDDX B      American Bureau of Shipping 
Rules for Building and Classing 
Steel Vessel Vessels 1994. Part 3, Section 6 

APPENDDC C     Midship Sections 

APPENDfX D     Moment Distribution 

EageisJ 

10-24 
24-26 

27 

27-35 
35-45 
46-73 
74-83 

84-102 

103 

105-110 
111-118 

118 

119 

119-123 
124-134 

135 
136-137 
137-146 
147-155 

156 

157 

157 
157-161 
161-168 

FIGURE 22. "NA 310 COURSE NOTES" TABLE OF CONTENTS (COURTESY OF VORUS 
AND KARR) 
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TABLE OP CONTENTS 

!. INTRODUCTION 1 
A. GEOMETRIC AND MATERIAL NONLINEARmES   2 
B. TRIPPING ANALYSIS  ~ -    6 

H.    CONTINUUM MECHANICS     1 5 
A. STRESS TENSORS   15 
B. DEFORMATION TENSORS 1S 
C. CONSTTTUTIVE EQUATIONS -  2 3 

BO. VON KARMAN PLATE EQUATIONS ...12 
A. STRESS AND STRAIN 3 2 
B. HOOKESLAW  32 
C STRAIN-DISPLACEMENT RELATIONS  
D. REDUCTION TO FLAT PLATES  
B. RESULTANT-STRESS RELATIONS _ 31 
F. EQUILIBRIUM 39 
0. THE VON KARMAN PLATE EQUATIONS 41 
H. STRIP-BEAM SOLUTIONS 44 

IV. CALCULUS OF VARIATIONS 50 
A. THE NOTATION OF VARIATIONAL CALCULUS 5 3 
B. PRINCIPLE OF MINIMUM TOTAL POTENTIAL ENERGY 60 
C THE RTTZ METHOD 6 0 

V. APPLICATIONS 67 
A STRIP-BEAM ANALYSIS 67 
B. THE SNAP-THRU PROBLEM 71 

VL PLATE BUCKLING 81 
A EXAMPLE FORMULATION   8 1 
B. SDtfPLY SUPPORTED PLATES   8 3 

VII.  IDEAL  PLASTICITY   88 
A CONSTTTUTTVE EQUATIONS   8 8 
B. PLASTIC FLOW LAWS  ~  9 1 
C. PLASTIC COLLAPSE  - -  -9 5 

FIGURE 23. "NA 510 COURSE NOTES" TABLE OF CONTENTS (COURTESY OF DALE 
KARR) 
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There are of course several dozen also available among those offered by the 

Aerospace Engineering Department, in the Applied Mechanics program of the 
Mechanical Engineering Department, and by the Civil and Environmental 
Engineering Department, for example, and those students interested in structural 
analysis and design could in selecting among these courses specialize in any aspect of 
this broad field. The advantages of being a graduate student in a large and 
comprehensive engineering college are indeed apparent. 

The University of New Orleans 

The required undergraduate course in marine structural analysis and design at 
New Orleans is NAME 3120, Ship Hull Strength, but (as at Michigan) many also 
elect the second course, NA 4120, Ship Structural Design and Analysis. The 
descriptions of these two are given in Figures 24 and 25, in this instance in the ABET 
prescribed accreditation format. Note that neither course includes finite element 
analysis, but that it is offered in an elective course, NAME 4096, Finite Element 
Analysis in Ship Structures, for which the description is as shown in Figure 26. That 
same course number, NA 4096, named Special Topics in Naval Architecture in the 
catalog, is used for a course entitled Stability of Ship Structures, for which the 
description is as shown in Figure 27. There are other courses offered by the School of 
Naval Architecture and Marine Engineering that might be mentioned, some more 
concerned with load formulation than structural analysis or design, but one entitled 
Small Craft Design does include substantial structural material and is described in 
Figure 28. There are also Electrical, Civil and Environmental, and Mechanical 
Engineering Departments in the College of Engineering at New Orleans and hence 
graduate students can choose among an array of courses offered by those 
departments. A popular elective among the naval architecture undergraduate 
students, perhaps because they are drawn mostly from the Gulf region, is ENME 
4756, Mechanics of Composite Materials. The description is given in Figure 29. 

Memorial University of Newfoundland 

Required undergraduate structure courses at Memorial are Engineering 6002, 
Ship Hull Strength, and Engineering 7002, Ship Structural Analysis and Design. 
Course information sheets, in the format for the Canadian Accreditation Board, for 
these are given in Figures 30 and 31. Among the suggested technical electives in the 

51- 



covxsx tmacMimcm 

NAME 3120—Ship Bull Strength 

Pall Semester 1991 

1992 Catalog Data: NAME 3120: Longitudinal strength, simple bean 
theory, trochoidal wave and smith correction, weight, buoyancy, 
load shearing force and bending moment curves; midship section 
modulus; composite bull girder; transverse strength, strain 
energy and moment distribution methods; torsional strength; 
torsion of thin walled, open sections, torque distribution; 
torsional loads, the use of classification society rules in 
midship section design. 

Textbook: William S. Vorus, NA310 Ship Strength I: Informal 
Kotes, U. of Michigan NAME, 1986. 

Reference: Ship Design and Construction, and Ship Structural 
Design, SNAKE. 

Coordinator: J.M. Falzarano, Assistant Professor of NAME 

Goals: This course is designed to give juniors in naval 
architecture and marine engineering an understanding of the 
overall ehip structural design process including loads, basic 
analysis techniques. Also included are special topics related to 
fabrication and production. 

Prerequisites by topic: 

1. Ship hydrostatics, weight and buoyancy 
2. Strength of Materials 

Topics: 

1. Introduction to ships and offshore Structures (3 classes) 
2. Loads on ships and offshore structures  (2 classes) 
3. Longitudinal Strength {4 classes) 
4. Transverse Strength (2 classes) 
5. Plated Structures  (4 classes) 
6. Stress concentration and Patigue  (2 classes) 
7. Joints in ships and offshore structures  (2 classes) 
8. Pabrication and Welding  (2 classes) 
9. Midship Section Design (4 classes) 
7. Tests  (2 classes) 

Computer usage: 

1.       Each student must write and run a FORTRAN 77 program to 
determine the section modulus of a ship midship section 

2        The computer program written for the above is then used in 
designing a midship section that meets ABS requirements. 

ABET category content as estimated by faculty member who prepared, 
this course description: 

Engineering science:     1.5 credits or 50% 
Engineering design:       1.5 credits or 50% 

Prepared by: Pr   .T.M. FaUarano  Date: March 28.   1994 

FIGURE 24. COURSE DESCRIPTION FOR NEW ORLEANS NAME 3120, SHIP HULL 
STRENGTH 
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COOKS* OCftCAXPTXOsI 

NAME 4120--Ship Structural Design and Analysis 

Spring Semestar 1994 

1992 Catalog Data: MAKE 4120 Review of Longitudinal Strength; 
principal stress distribution« and stress trajectories; local 
strength analysis; panels under lateral load; columns and 
stanchions under uniform edge compression loading and panels 
under shear and combination loading; rational ship structural 
design synthesis based upon stress loading hierarchy; primary, 
secondary, tertiary stress as a criteria of ship strength 
including grillage aspects. 

Textbook: Robert E. Sandstrom, NA410 Ship Strength II Locture 
Notes, Ü of Michigan.,1982. 

Reference: Principles of Naval Architecture, SNAKE. 

Coordinator: J.M. Falzarano, Assistant Professor of N.A.M.E. 

Coals: This course is designed to give seniors in naval 
architecture and marine engineering a more advanced understanding 
of beams, beam/columns and plates to integrate them into overall 
ship structural design. 

Prerequisites by topic: 

1. Elementary ship structural design 
2. Elementary Vibrations 
3. Ordinary DEQ's, Fourier series, introductory PDE's 

Topics: 

1. Overview of ship structural design and analysis (2 classes) 
2. Derivation of general asymmetric beam equations (4 classes) 
3. Application of beam equation to static stress and asymmetric 

bending (6 classes) 
4. Shear Stress, shear center, shear in asymmetric and closed 

sections (4 classes) 
5. Ship Hull and Beam Vibration (6 classes) 
6. Buckling of Beam Columns (2 classes) 
7. Energy Methods (2 classes) 
8. Plates/frames (2 classes) 
7.  Tests (2 classes) 

Computer usage: 

1.  Each student must solve for roots of a transcendental 
characteristic equation and plot the corresponding mode 
shapes. 

ABET category content as estimated by faculty member who prepared 
this course description: 

Engineering science: 2 credits or €7% 
Engineering design:  1 credits or 33% 

Prepared by: Dr. J.H. Falzarano.       Date: March 2a. iq?4 

FIGURE 25. COURSE DESCRIPTION FOR NEW ORLEANS NAME 4120, SHIP 
STRUCTURAL DESIGN AND ANALYSIS 
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COORfil DÄflCRIPTIOS 

NAME 4096--Finite Element Analysis in Ship Structures 

Fall Semester 1992 

1992 Catalog Data: NAME 4096 Special Topics in Naval 
Architecture 

Textbook: William Weaver, Finite Elements for Structural 
Analysis, Prentice Hall, 1984. 

Reference: K. Gallager, Finite Element Analysis Fundamentals, 
Prentice Hall, 1975 

Coordinator: J.M. Falzarano, Assistant Professor of N.A.M.E. 

Goals: This course is designed to give seniors in naval 
architecture and marine engineering an introductory 
understanding of the use of finite elements for ship 
structural design and analysis. 

Prerequisites by topic: 

1. Basic Ship structural design 
2. Strength of materials 
3. Basic vibrations 

Topics: 

1. Introduction to Finite Elements (6 classes) 
2. Plane Stress and Strain (6 classes) 
3* Isoparametric Formulation (4 classes) 
4. Flexure of Plates (4 classes) 
5. General and Axisymetric Shells (4 classes) 
6. Vibration Analysis (4 classes) 
7. Instability Analysis (2 classes) 
8. Tests (2 classes) 

Computer usage: 

1   Three homework assignments, students are required to run a 
general purpose finite element program to analyze various 
aspects of finite element analysis including a cantilever 
beam and a plate with a hole in it. 

ABET category content as estimated by faculty member who prepared , 
this course description: 

Engineering science: 2 credits or 67% 
Engineering design:  1 credits or 33% 

Prepared by: nr» .T.M. Falaarans      Date: March 28, 133A 

FIGURE 26. COURSE DESCRIPTION FOR NEW ORLEANS NAME 4096, FINITE 
ELEMENT ANALYSIS IN SHIP STRUCTURES 
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COORfll DMCKXPTXOM 

NAME 4096 - Stability of    Ship Structures 

Spring Semester 1994 

Proposed Catalog Data: 
NAME 4096 Stability of Ship Structures.  3 Credits. 
Stability problems of ship and off-shore structures-  stability of 

SliS!!|,ii^?M,e!',?eaB-coluMn-; plastic buckUng;'buckling of plates and thin shell-type structures. un9 or 

Textbook:  Theory of Elastic Stability,   s.   P.  Timoshenko and J   M 
Gere,  McGraw-Hill,  New York,  1981. "»osnenico and J.  M. 

Reference:  Structure Stability,  W.  P.  Chen and E.  M.  Lui 
Elsevier,   1987. ' 

Coordinator: 

^ii,?!?18 cou5se is designed to give students the knowledge of 
stability problems of ship and offshore structures. 

Prerequisites by Topics: 
Theory of stresses and strains 
Differential equations 
Theory of bending of beams 
Knowledge of ship/off-shore structures 

Topics: 
Beam-columns (8 classes) 
Elastic buckling of bars and frames (6 classes) 
Inelastic buckling columns (3 classes) 
Buckling of elastic plates (7 classes) 
Fundamentals of buckling of shells (3 classes) 
Tests (3 classes) 

Estimated ABET Category Content: 
Engineering Science: 3 credits or 100% 

Prepared by: Dr. B. Inozu Date: March 24. no* 

FIGURE 27. COURSE DESCRIPTION FOR NEW ORLEANS NAME 4096, STABILITY OF 
SHIP STRUCTURES 
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ENMB 4756-Mechanics of Composite Materials 
Pall Semester 1993 

1992/94   Catalog Data: ENME 4756 Mechanics of Composite 
Materials Cr 3 

Prerequisites: Civil Engineering 4353 or consent of 
department. Analysis of stress, strain, and strength 
of fiber reinforced composite laminates. Topics 
include laminated plate theory, stress analysis of 
orthotropic plates, damage mechanisms, fatigue, 
impact, and environmental effects. 

Textbook: Agarwal, B. D., and Broutman, L. J., Analysis and 
Performance of Fiber Composites, Second Edition, J. 
Wiley fc Sons, Inc. 

Reference: Jones, R. M., Mechanics of Composite Materials, 
Scripta Book Co., 1975. 

Coordinator: Paul D. Herrington, Assistant Professor 

Goals:    The goal of this course is to provide students a 
fundamental understanding of the mechanics of 
composite materials and their behavior under typical 
service conditions. A design project including a 
written and oral presentation is required. 

Prerequisites by Topics: 
1. Advanced Strength of Materials 
2. Engineering Analysis 

Topics: 
1. Introduction    (1 class) 
2. Materials and processing    (3 classes) 
3. Behavior of uni-directional composites    (4 classes) 
4. Analysis of orthotropic lamina    (8 classes) 
5. Analysis of laminated composites    (6 classes) 
€. Damage mechanisms and failure criteria    (3 classes) 
7. Impact and fatigue    (2 classes) 
8. Environmental degradation    (1 class) 
9. Nondestructive evaluation    (1 class) 

Computer Usage: 
Students are required to use the VAX-cluster and/or microcomputer 
for solving homework problems and for the analysis of design 
project alternatives. 

ABET category content as estimated by faculty member who prepared 
this course description: 

Engineering Science:     2 credits or 66.7% 
Engineering Design:       1 credit or 33.3% 

Prepared by:     Paul Herrington Date:    September 24,   1993 

FIGURE 29. COURSE DESCRIPTION FOR NEW ORLEANS ENME 4756, MECHANICS OF 
COMPOSITE MATERIALS 
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COURSE INFORMATION SHEET 

COURSE NUMBER & TITLE: Engineering 6002 • SNp Hu« Strength 
CALENDAR REFERENCE: Pag« 297 of the 1991/1992 Undergraduate University 

Calendar. 

CEA8 COURSE TYPE: Program Compulsory 
TOTAL NUMBER OF LECTURE SECTIONS: On« 
MINIMUM/MAXIMUM NUMBER OF STUDENTS PER SECTION: S/1S 
TOTAL NUMBER OF LABORATORY/TUTORIAL SECTIONS: On« 
MINIMUM/MAXIMUM  NUMBER  OF  STUOENTS  PER LABORATORY/TUTORIAL 
SECTION: 6/16 
MAJOR TOPICS: 

1. Longitudinal Strength of Ships (9 lectures). 
2. Transverse Strength {12 lectures). 
3. Torsion (3 lectures). 
4. Matrix Displacement Method (6 lectures). 
6. Finite Element Methods (6 lectures). 

PRESCRIBED TEXT(S): 
1. Strength of Ship«, by J.ft Peulng, 

Chapter 4, in Principle», of Naval Ajchftacturt, Yd. I 
E.V. Lewis, Editor., SNAME. (1988). 

3 tmrnriuctorv Structural Anahnk. 
by Wang and Salmon, Prentice Hal, (1984). 

INSTRUCTIONAL HOURS PER WEEK: 3 lectures and 2 lab.Autorial hours per week. 

COMPUTER EXPERIENCE: Students are required to design a spread sheet for a ship's 
midship section calculation. 

LABORATORY EXPERIENCE: students art required to submit a midship section design 
project. 

PROFESSOR-IN-CHARGE: M. R. Haddara. Ph.D.. M.S.. P.Eng.. C.Eng., Professor 
(Naval Architectural Engineering). 
TEACHING ASSISTANTS (NUMBER/HOURS): 1/52 

CEAB CURRICULUM CATEGORY CONTENT: 
TOTAL NUMBER OF LOAD UNITS » 4 
Engineering Science » 2.4 units 
Engineering Design * 1.6 units 

AVERAGE GRADE/FAILURE RATE: 69%/0% 

FIGURE 30. COURSE INFORMATION SHEET FOR MEMORIAL E6002, SHIP HULL 
STRENGTH 
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COURSE INFORMATION SHEET 

COURSE NUMBER & TITLE: Engr.7002 Ship Structural Analyst) and Oeslgn 
CALENOAR REFERENCE: Pag« 299 of tha 1991-92 Undergraduata University 
Calendar (listed as 8002) 
CEAB COURSE TYPE: Compulsory 
TOTAL NUMBER OF LECTURE SECTIONS: 1 
MINIMUM/MAXIMUM NUMBER OF STUDENTS PER SECTION: 5/13 
TOTAL NUMBER OF LABORATORY/TUTORIAL SECTIONS: 1 
MINIMUM/MAXIMUM   NUM8ER  OF  STUOENTS  PER  LABORATORY^UTORIAL 
SECTION: 5/13 
MAJOR TOPICS: 

1. Ship structural safety: rational design; rule-based design; partial safety 
factors; safety index; probability of failure (5 lectures) 
2. Long unrformfy loaded thin plates: elastic, etesto-pfaatfc and plastic design; 
various edge constraints (8 lectures) 
3. Finite aspect ratio plates: elastic, elasto-plastic and plastic design; various 
edge constraints (4 lecture«) 
4. Buckling and ultimate strength of column« (3 lecture«) 
5. Buckling of (long) plates Including concepts of affective and reduced 
effective width (6 lecture«) 
6. Grlage design: affective breadth; plastic design of beams; combined load« 
and failure; magnification factor; interaction equation« to estimate failure (6 
lecture«) 
7. Bucking of wide plates; welding distortions end their effect on incremental 
collapse (4 lecture«] 

PRESCRIBED TEXT(S): No texts are prescribed due to expense; the following is a 
reference for the course: 
Hughes, O.F., 1983, Ship structural design, Wiley-lnterscience. Republlshed by The 
Society of Naval Architects and Marine Engineers, New York. 

INSTRUCTIONAL HOURS PER WEEK: 3 lecture hours per week (1 term); occasional 
tutorial and discussion sessions averaging out to 1 hour every two week«. 
COMPUTER EXPERIENCE: nl 
LABORATORY EXPERIENCE: nll 

PROFESSOR-IN-CHARGE: Neä Bos«, Ph.D., P.Eng., Assoc. Prof. (Naval Architectural 
Engineering) 
TEACHING ASSISTANTS (NUMBER HOURS): 1/50 
CEAB CURRICULUM CATEGORY CONTENT: 

TOTAL NUMBER OF LOAD UNITS - 3.25 
Engineering Science »1.5 
Engineering Design * 1.75 

AVERAGE GRADE/FAILURE RATE: 72.4/0(1988-91) 

FIGURE 31. COURSE INFORMATION SHEET FOR MEMORIAL E7002, SHIP 
STRUCTURAL ANALYSIS AND DESIGN 
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senior year are 7933, Stress Analysis, and 8058, Submersible Design. The brief 

course descriptions, from the calendar, and those for 4312 and 5312, the two course 

sequence in the basic Mechanics of Solids that are prerequisites for the ship 

structures courses, are reproduced in Figure 32. Other structural analysis and design 

courses are available in the programs in civil and mechanical engineering also offered 

by the Faculty of Engineering and Applied Science. 

The University of California - Berkeley 

The single undergraduate structures course in the current undergraduate 

program at Berkeley is NA 154, Ship Structures, and the description of it in the 

ABET format is shown in Figure 33. More interesting perhaps are the several 

outlines in hand for that same course in recent years, particularly the differences in 

actual content as well as the different ways in which several of the same topics can 
be described by two different but knowledgeable professors (and Professors Mansour 

and Paulling are indeed very well qualified to be so designated). Also, because these 

outlines collectively include just about every topic with which it would be highly 
desirable every bachelor's degree naval architect and/or ocean (or "offshore," since 

Berkeley is the subject) engineer had presented to him, they are reproduced in Figures 

34 through 36. Viewed in that sense, they also clearly demonstrate that a single 

required course in marine structural analysis and design in any undergraduate 
program in naval architecture or offshore engineering is indeed inadequate. With the 
situation at Berkeley currently in transition it is probably not entirely established 
what material should be in what course at present, but there are two graduate 
courses, 240A and 240B, being given at present by the department. A tentative 

outline for 240A, Theory of Ship Structures, is shown in Figure 37, primarily to 
illustrate how rational and current course content at that level can be in that the 
probabilistic approach to loading and a reliability based determination of response are 

both included. Other departments and programs at Berkeley in all of the established 

engineering disciplines offer a great number of additional courses in structural 

analysis and design and related subjects, and graduate students in the Naval 
Architecture and Offshore Engineering Department can specialize further by 
selecting from among them much as do those at Michigan and the other universities. 
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NA 154 
Fall Semester im 

19SS-89 Catalog Dt» NA 154: Ship Structures. Cre<i& 3. introduction is die $peciaJi«d features 
of8hi^smfCtweiaRdikifdesJ|fa. Structural toads, hull ginfer and huU 
component analysis, laterally h&tted grillages and cross-stiffened plates, 
plate buckling, modes of possibk failure to be designed against, use of 
theory and classification society rules in combination in «he desim process 
Prerequisite*: NA 151. CE I3tt 

Textbook: J.P. Comstock Editor, Principles of Naval Architecture, SNAME, 1967. 

R. Taggart, Editor, Ship Design and Construction, SNAME, 1980. 

Coosdinator: Ataa E. M&nsour, Professor of Naval Architecture & Offshore Engineering 

Goals: To introduce the student who has already completed a course m elementaiy 
strength of materials to the specialised aspects of ship structural analysis 
and deslga, 

Prerequisites by Topic 

1. 2-D elasticity. 
2. Element^ tr^eory of bending of beams. 
3. Elementary column buckling theory. 
4. Theory of torsion of simple closed tubes. 

Topics: 

1. Structural loads experienced by ships ami other marine structwes. (6clas$es) 
2. BOK girder theory with emphasis m shear and «orsional effects. (7 classes) 
3. HuH<deckhou$e interaction. $ classes) 
4. Elastic theory of stiffened plates. (7 classes) 
5. Plate buckling theory and m used of design charts fee predicting the buckling strength of structural 

compofsertB, (5 classes) 
6. Modes of shio failure and appropriate design considerations, (7 classes) 
7. The structural design process as a synthesis of rules, codes and rational procedures. (7 classes). 

Computer Usagg: 

1.   fiomeworit assignment on designing stiffened panel of § ship bottom structure. 

Laboratory Projects (including major items of equipment and insmsnemation used): 

1. None 

ABET category content as estimated by faculty member who prepared this course description: 

Engineering Science: 2 credits or 66% 
Engineering Design: 1 credits or 33% 

Prepared by:. fl-Mw^ z—^   . Date:      sUltin 

FIGURE 33. COURSE DESCRIPTION FOR BERKELEY NA 154, SHIP STRUCTURES 
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OUTIINC 

N*   »4 Ship Structures .*. t. Kansour 

1. Characteristics of ship structure 

(*) Strength versus Stiffness 

(b) Primary, secondary and tertiary behavior 
fc) Tyotcai aidshfp sections 

2. loads applied to ship structure 

(a) Statte loads—standard longitudinal strength calculations 

(b) Oynaatc loads-Oow and high frequency loads 

3. Sox girder analysis 

(a) Two dlaensional stress analysis 

(b) Stress distribution around a section 

(c) Shear and girth stresses 

(d) Design considerations 
Je) U11<*ate strength and fti)ure »odes 

4. Shear lag and effective breadth 

(a) Basic concept 

(b) Application and design charts 

5. Deckhouses and superstructures 

(a) Two-beaa analysis 

(b) Experimental results 

*.   Bending of plates 

(a) Isotropie plates 

(b) Orthotroptc and stiffened.plates 

7. Suckling of plates 

(a) Isotropie 

(b) Orthotroplc 

8. Ultimate strength of beams, plates and box girders 

FIGURE 34. ANOTHER COURSE DESCRIPTION FOR BERKELEY NA 154, SHIP 
STRUCTURES 
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«U94 Ship Structure« F«ll |9«f 

Instructor! J. *. Faulting 

Course Outline and Schedule «Subject to change at whie of instructor) 

Reading Reference«    FNA • Principles of Naval Architecture, Vol.   I,   Lewi»  (Cd.) 
Pub.  SNA«, N.T.,  I960. 

Jteejk. ToP<£ Reading Reference, 

1 Introduction • Th« big picture.                           Ch. 3, Sect,  t 
Ship structural static loads. 2.1, 2.1 

2 Dynamic wave loads - deterministic, 2.3-2.9 
Probabilistic. 2.6-2.1 

3 Long tere extreme loads. 2.*-2.10 
Other components of dynamic loading 2.11 

4 Box girder analysis 3.1-3.2 
Section »odulus computation 3.3 

9 Shear and transverse stress distribution 3.4-3.9 

4 Shear lag and effective breadth 3.6 

7 Torsion and related effects 3.7 

• Secondary structural response 3.8, 3.» 

* Plate bending 3.10, 3.11 
HIOTERH «AM 

10 Transverse strength considerations 3.12 
Deckhouses and superstructures 3.13 

11 Kodes of structural failure, lieit states 4.1-4.3 
Failure theoriet 

12 Structural instability *n4 buckling «.9-4.7 

13 Ultimate strength 4.» 
Fatigue «.'.1 

14 Introduction to reliability Sect.   3 

19                 Catch up.    Loose ends.    Review. 

FIGURE 35. ANOTHER COURSE DESCRIPTION FOR BERKELEY NA 154, SHIP 
STRUCTURES 
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Topical Outline 

RA 194 - Ship Structures 

1. Nature of «hip structures and basic concepts of «hip 
structural design. 

a. Arrangement of structural components. 

b. Function of structural components. 

c. Comparison of ship structures to other structures. 

d. Subdivision of response (prlaary, secondary, tertiary). 

2. Ship structural loads (demand) 

a. List of loads (static, quasi-static, dynamic) 

b. Standard static load computation and use in classification 
society rules. 

3. Plane stress analysts 

a. Derivation of equations of equilibrium. 

b. Stress concentration. 

4. Analysis of hull girder and hall module components 

a. Elementary box beam analysis is bending. 

b. Torsion of thia-ealled slender beams vith closed section«. 

c. Shear effects la thin-walled slender beams. 

5. Laterally loaded grillages and cross-stiffened panels: 
description of phenomena, derivation of equations of equilibrium, 
use of design charts. 

6. Buckling and ultimate strength of columns and plates. 

7. Further aspects of structural failure (capability). 

a. Tensile/compresslve fracture and failure theories 

b. Fatigue 

e. Brittle fracture 

d. Welded connections 

8. Uncertainty of design process (demand vs. capability). 

9. Classification society  rules. 

FIGURE 36. ANOTHER COURSE DESCRIPTION FOR BERKELEY NA 154, SHIP 
STRUCTURES 
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24IA • THEORY  Of  SHI>  STRUCTURCS 
Al«« Mensour 

TCKTATIVC  OUTUMC 

t.    Representation of  the Se« Surfte« 
1. Probability  distributions   associated   with   «   randoa 

process. 
2. Stationary and ergodlc processes. 
3. Autocorrelation  function  and   spectral   density  of   • 

stationary randoa process. 
4. Typical  sea data and sea  spectra. 

It.    Oynaalc loads and response of a ship hull considered as a 
rigid body. 

1. Input - output  relations 
2. Transfer  functions     /response aaplitud« operators. 
3. Ship response spectra  in long-and short-crested seas. 

ttl.   long-t«ra Prediction of  Vav« Loads  •  Cxtreae Value and 
Order Statistics 
1. long-tera distributions. 
2. Cxtrea« vav« loads - order statistics. 
3. Extrea« total vav« and «tillwater loads. 

IV.    fully Probabilistic Reliability Analysis {level III) 
1. Variability in hull strength. 
2. Reliability conc«pts. 
3. Probability of  failure  using  deterministic or  normally 

distributed stillvater  loads, 
«.«odes of  failure   in hogging and  sagging condition* - 

bounds on the total  probability of failure. 

V.     failure Analysis Procedures - Design Considerations 
1. Long-t«ra procedure. 
2. Short-tera procedure. 
3. Applicatlon  of  failure   analysis  to  a  Mariner   and  a 

tanker. 
4. Th«  level of safety-optlatzation criteria. 
5. D«t«rain«tion of a hull  section aodulus for a prescribed 

l«v«l of safety. 

VI.     S«ai-Probabllistic Reliability Analysis (level  tl) 
1. Th« aean value first order second aoaent aethod. 
2. Th« Rasofer/lind reliability index. 
3. Inclusion of distribution Information. 
4. Partial  safety factors (level  I). 
5. Cxaapl« application and coaparlsons. 

VII. Oynaalc loads and Response of a Ship Hull Considered as a 
Flexible Body 
1. High-frequency steady  springing  loads  and  response. 
2. High-frequency transient-slamaing   loads  and  response. 
).   Combining   the high-and   low-frequency  loads. 

Vttt.  Ship Hull  Ultiaatc Strength 
I.Tailor«  as  a  result  of  yielding  and  plastic   flow   (the 

plastic collapse,   shakedown and  Initial  yield aoacnts). 
2.   Failure as a result of   instability and buckling  (aodes of 

stiffened plate buckling   failure). 

FIGURE 37. COURSE DESCRIPTION FOR BERKELEY NA 240A, THEORY OF SHIP 
STRUCTURES 
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United States Coast Guard Academy 

The contents of the 1442 course entitled Principles of Ship Design and 1444, 
entitled Ship Design and System Integration, at the Coast Guard Academy include 

many topics beyond those involving structural analysis and design. But Figure 38 

includes the actual two assignments involving structures from among 21 listed, along 

with the catalog description of the first course, and Figure 39 includes similar items 

from the second. The handout material for these courses is very detailed but very 
organized and extensive. Students at the Coast Guard Academy possibly do not have 
available to them the same level and technologically advanced treatments of marine 
structural analysis and design as do those at many of the other schools, but those 
graduating are certainly familiar with the fundamentals of the subject since it is dealt 
with soundly and well. 

United States Naval Academy 

While there are several required courses dealing with several aspects of 
structural analysis and design in the naval architecture and in the ocean engineering 
programs at the Naval Academy, and more elective courses available, EN 358, Ship 
Structures, and EN 441, Ocean Engineering Structures, are, respectively, the 
principal ones. The respective capstone design sequence courses include the usual 
structures content, but students in both programs are also required to take EN 380, 
Naval Materials Science and Engineering, and evidently learn about fatigue and 
fracture there in addition to the more scientific topics which are all that are included 
in many of the basic materials science courses elsewhere. Syllabuses for EN 358 and 
EN 441 are included in Figures 40 and 41, along with the reference list for 358 and the 
ABET description for 441. These last two items would seem to indicate some 
difference in the levels of the treatments in the courses, but this could be in error and 
is only suggested because the 358 reference list includes some quite old - but classic - 
entries despite listing the very valuable Hughes book as well. 

Virginia Polytechnic Institute and State University 

The required undergraduate structures courses at Virginia Tech reflect the 
arrangement that places the ocean engineering program and the aerospace 
engineering in the same department, and that it is an ocean engineering program 
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PrindpJesef'S&a Design 1441 
TW M Md Kk*x of ship design. H«B «rwfdmrf «mcwraJ <«ifB 
i«qplit««aoh*fi«priiiriDleitrfABSivkj;lhede*^ 
boa ofe»tim«io««ndiier«i<»«pro«A««wi4«Bp»iMJ»o« preliminary hull 
tfjneaukm t^ «ti|hi eitimaiecccmptru'n i^yw of«ctid and ptytoad 
with figures of merit; hull vibrations; preliminary development of general 
tmngemeiMS.   CAO Imenavt course »amlnaies wich i leam-prepared 
preliminary bull and arrangements design to be completed in Ship Design/ 
Syne« Integration (1444X 
QedhHoars: 4.0 
Format aus Project 
Prerequisite: 1M2 
Cortquisite: 1453 
Restrictions: Ik Cadets »nd NAME Majors only 
rtcgacTD orrawc: PAIL 

19. Longitudiml Strength Analysis (ft • Based »poa yow Second 
Weight/COG Estimate, Loading Condition Calculations tod appropriate 
ratines from MaxSurf/Hydromax, the Design Team »hall; 

a. Evaluate Still Water, Hogging aod Sagging Longitudinal Strength of 
your vessel ia each of the 4 loading condition».   The maximum 
bending moment and shear force shall be highlighted for each 
condition. 

b. Using the maximum beadiaf momeot and shear force values from 
part a), determine the material used ia the construction of your 
hull and calcolate the maximum permissible beadiag and shear 
stress. 

e. Cakalate the required midship section modulus for your vessel. 

d. Provide plots of me weight, buoyancy, load, shear aod bendlof 
moment carves for each of the analyzed cases, identifying the 
locations of the maximum shear and bending moment values. 

20. Mi<4«hip Section Desltn ffl - Based upon the results of the 
Longitudinal Strength Analysis of your vessel and appropriate 
structural design criteria, the Design Team shall: 

a. Design, draw and label the midship section for your vessel   Insure 
that aQ major structural members are included and dimensions 
are provided. 

b. Determine the plate thickness for all decks, shell aad bottom 
platiag. 

c. Determine the size and location for all major structural members 
in accordance with applicable ABS rules, USNAJSCG specifications, 
and CFR requirements. 

d. Determine the required thickness and stiffeoer siting for typical 
bulkheads • collision, deep tank and standard watertight. 

e. Determine the Moment of Inertia and location of the Neutral Axis 
for your midship section.    Provide actual bending moment and 
shear stress calculations for this section and compare said actual 
values to the maximum permissible values from part b) of the 
Longitudinal  Strength  Analysis. 

FIGURE 38. CATALOG DESCRIPTION AND SELECTED ASSIGNMENTS, USCG 
ACADEMY COURSE 1442, PRINCIPLES OF SHD? DESIGN 
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attMpSptabfep«!!« 1444 

la» Capaw* atät* count b Kml AKUMCWI * MariM bf«n| 
Major*. Cbafkö(»orproJKtkefMl*ft<Kifk<<fSVrDe«l(a(l44]). 
Kdl «odd infaOMX tttdnf. tlecslc flM Htf nzB^r lyiK« 4u%^ 
CPHffOTftoi^HVACofi«cri*KS*oiiic«.Mdndc-«ffi*4kl 
k deafen, coattrectioa tod He cycb CM*« ipJÄd » prtfalaary date 
tfcataa dtnloptd I* cant 1441 Cacte» aa kttptH» of kal aid 

{V*Wv. I« InwtiHntl »ranafa 

L Oan»nd Procadum: 

OtcStHom 4JB 

Ou^rojecr. 
ricRcjMriK 1442 »dun 
tettictioax: tJAMEMvnoaty 

fr**«« to llYtehto Sacton DtHna 

L Gantrd Proeadur»: 

Rttponafcto Paraon: 

1. Prated • tcatod midthlp tacton «rotrig (U4* . r acato). 

X. Scanffrigj tabte (mldtNp only). 

1 Pro** • lurnrnary Hw« lor Melon «tfgrt, VCO and LCQ. 

4. PrwMt H aupportlng calculator» and cr»ck> of atowtbto «trtta. 

1 Provtdi tn analy* of t«t raatorafitena« of your etetton, 

t   Oarranctrate t» UM of ooOmtalon techntajuat ki t» cteslan of Hi 
tOCOO«. 

IV. ScfttCUt : M.T Aprf 10 

V. Wtightng Factor : 3 

Pawponatai Pamon: 

1.   Uak^ ft« maximum btndng awmanf. Information from tia longftudntl 
atrtngfh tocSon and t» tacjukad atcSori moduli*, dttlgn a mÜtNp 
•acton tor your votuL 

t.   Compute tit rtCjiirad »acton aiodutua for your vttaaf M daflnad by tit 
ASS flutet to» 8tetl V***aaj and compara I to your »teflon it ptr put 
t.  Cor»»tr4 on tw dftortncaa and atate rataon* for «Noh uc*on 
moduka you may uaa. 

L   Sptcffc Oaalgn Procadur» : 

t.   Or» tit trap-« irMtNp «acton 

Z.   labat and Ktenflfy tht major akucaxal »ambar». 

1   Juaffy tw MttcDon of «ate akuduraf wmc«, fnmt apadng. Me. 

4. Calculate fha »omant of kiarfa md tit location of tit nautral toe* of 
your raktenki »action. 

5. Band on t» inMthk> tacton and tit btndng momart dagram fro« 
longfeudnaf atrtngfh. atfmate tu raqukad »teflon modulo» for tw 
forward and* aft quarter poinfa. 

I. Eafmate tte wakjM. VCO, 1X4 of tit mrcWdp and quarter poM» bttad 
onpteflng, »canting* and ttcfonal art*. Compara tiata valuta to your 
might aaflmatea. 

t.   Btmluala tte ptaeamart af known wtgWaAtnaaai aboard your 
vataal teUng Ho account amngamanl Mm and powartng probten* 
»ncountartd la PSO. 

L   Run tte tongauelnaf atrangtt ponton of fha Hydromax program. 

L   SpacaV Oaalgn Procadur» : 

1.   Nona 

M.   Oafvirabtea : 

1. Obtakt numarical output far your IgMahto. burnout. aiMmum oparatng 
and M load coocWona. 

2. Plot tu ONMT and worta« Jiartiat for at cilia. 

1   Cakutet« tu auufnum itaulrad aacton modului for aach c*»t. 

4.   Provtdt an analyili af t» lationabtentii of your output and commar« 
on tutun mwaViBari on atafartef chotot and «nkJtNp eVttfgn. 

IV. ScfiacUl: NLT AprI H 

V. Walghlng Factor: 3 

L Oanaral Pracaduia: 

1. Road ASS flukt tor »Ml Vattati and OOS-ltOO-4 Structura! Oatlgn of 
Flat Ptetng and Sattenan Subtect la Water Prattura. 

2. Uchg tntta naVancta. dadpn i atandard butchaad to ASS 
ncfirariitnti tor tte daaptat part of fha afap. 

X   Etflmatt « ■**?* par foot af baara and ualng »at oiflmaM. eateutete 
t» wttgM tor at buMaa* and ti* VCO and LCO kl tu tramvwaa 

I.   Spaoalc Oatlgn pioeadura : 

1. ftovtewPKAtnd tteaic 9*TJiaory (BST) onbuitiaada. ftevtewSSTon 
prMaga md Stete* 4 Strängt«  on loading, afiaar. btndng momante 

2. Oaterwtn» toadng on bulfiaad. and coridtont and mtxtnum atMrabte 
atrtai. 

1   Ottermlnt bufdwad INctnaaa. aUtonar abing and apactog. 

M.   Dafvanblai : 

1.    Praldt I acated drairlng af typical •mldafip', tank, and cc«Won 

^    PnMd» I typteal »carang labte. 

3. ProvM» » tablt tor Iranmnw buatiaadi. «MigN». VCG"|. and LCff». 

4. Ctetign htuory documanusan. 

IV    Sche<Ma : NLT «frt 10 

V.    Wcigriang Factor : I 

FIGURE 39. CATALOG DESCRIPTION AND SELECTED ASSIGNMENTS, USCG 
ACADEMY COURSE 1444, SHD? DESIGN/SYSTEM INTEGRATION 
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rather than one in naval architecture.  The first one after the basic mechanics of 

deformable bodies, AOE 3024, is in fact named Thin Walled Structures and is included 

in both curricula. Information on this course, including the syllabus, is reproduced in 

Figure 42. The content is somewhat advanced for a first course actually dealing with 

structures rather than fundamental material, but it is obviously tailored to prepare 

students for the differing following structures courses in each of the programs. In 

ocean engineering this is AOE 3224, Ocean Structures.   The description of this 
course, in the same format, is given in Figure 43 and examination will demonstrate 
that ships as well as ocean structures such as offshore platforms are involved. 
Professor Hughes evidently incorporates the limit state analysis concept - buckling, 

fracture, and plastic collapse, for example - in this course much as he did in the text 
"Ship Structural Design: A Rationally-Based Computer-Aided Optimization 

Approach."  (Terming this work a textbook rather than a reference is justified by 

comparing it with say the chapters concerned with ship structures in the various 

other Society of Naval Architects and Marine Engineers books and several other 
references mentioned elsewhere in this section. It does indeed remain the single best 
text currently available dealing with marine structural analysis and design.) 
Somewhat abbreviated syllabuses for many of the succeeding structures courses 
offered by this single department - AOE 4034, Computational Structural Analysis, 
AOE 4054, Stability of Structures, AOE 4184, Design and Optimization of Composite 
Structures, AOE 4984, Computer-Based Design of Thin-Wall Structures, and AOE 
5024, Vehicle Structures - are given in Figures 44 through 48 to illustrate the 
advantages in combining the structural offerings needed in two mechanics-based 
engineering disciplines so as efficiently to provide viable undergraduate and graduate 

programs in both. 

Massachusetts Institute of Technology 

The situation at MIT is apparently in transition as this is written, but those 

undergraduates in the ocean engineering program presumably take or recently took a 
course 13.014, Marine Structures and Materials, and the syllabus for this course as 
taught in 1994 is given in Figure 49. The combining of classical somewhat advanced 
strength of materials topics with the properties and basic science considerations of 
materials - as determined by someone as eminently qualified as Professor 
Masubuchi - results in a presentation in which matters like fracture and plastic 
deformation must be better explained and hence better understood by the 
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HoveaJxr  15,   1915 

AER0S7ACC AM OCSA* BKWtZtlXG 3024 

STJOOVMJ   t 

( A0» TtTU:  mucrjwj I  ) 
i. CATALOG oesckirrcoN: 

3024       STRUCTURES r 

Review of a«eh»niet of utirlili.    Streitet  In  ftlffe.tad 
ah«ll b«aat. Oeforaatlon analytlt by «n«r«;y a«thodt. 
»»ultlcell boat. Introduction «a Ui aatrtx i;i!!.itii 
■ethod lnelud l.-xj truit and beta eleaentt.      »re:        ESK 
2004  (IB.   3C),   I 

II.     COURSE STATUS: 

i. Ravi«ad Court« 
b. Coablnatlon of prttent AOC 3251,   32S2 and 3253  coveraoe 
e. Effective «arch 1917 
d. Not for Craduat« Credit 

lit.     PREREQUISITES fi «REQUISITES: 

ESX 2004 (Uchanlct of Doforcabl« 3odlot lay» th« founda- 
tion» for th* aatarlal la thi« court«. 

IV.     JVSTIflCAIIOM: 

Thl« it th« bttle »tructuret court« for atrotptc« tad 
oceaa enqlneert. tt It focus«d on th« thla-walled b«aat 
that doaioata th« conrtruction of aerotpac« and oceaa 
veMel«». TMi court« It a coabtnatloa of aatarlal froa 
th« currant (quarter) court«« 3251.   S2,   S3. 

V.     EDOCATIONAt OBJECTIVES: 

Th« tvo aajor obj««tlv«i ar« to aaJc« th« ttudtnt »aia 
th« phyaietl underttaadi.ifl of th« «(fact of load« oa ?•- 
D«rlc aaro fi ocaaa »true rare» and to acquaint th«a with 
»iapl« coaputational technics» needed for rou^h «tti- 
■tea» of »trait«« and dlaplaceaaata. 

VI.      INSTRUCTOR: 

R.   Haftka.   4460 

VII.     TEXTS AND SrECIAX TEACHING AIOS: 

»eery and Azar.  AIÄCRAJT STRUCTURES.  HcCrev-aill.   1M2. 

VIII.     STtUBUS: 

Percent of 
Cour»« 

1. Review of aeehanie« of aatarielt SJ 
2. Str«tt«t In ttlffan*d-«h«U beta« 35$ 

Skia-ttrln<jer approxlaatios 
Opao »actloat:   ttrt»s*t and thtar eaot«r 
Slo?lt-cell doted tactlor.i:   ttrtttat 
Umyaaetrietl  leev.one 

3. Oeforaatioa analytlt by a.-.ar?y a«thoda2G2 
Strain energy «athod 
Work-anersry eethod 
Unit load aethod 
Sln<jle-eell elotad «action»:    Tvitt e.-.d elaitie  axit 
Naxvell'a thaorta of  reciprocal ditplacea«.-.ti 

4. Multi-call b«aa* IS; 
Strtttet and defsraation» 
Tortlonal itijf.-.aet and elastic exit 

5. Introduction to  the «atrix  it;;;-\«»«  i2$"3d 
•Uviev of  li.iear al^aora  a=d aa:nx enthaatie 
Bafimtion»:     dtscrtt» diiplacaae.it»'.   actioe», 

and decree» of  ffsado«;   flexibility and 
»tlffnes» aatrlee» 

Eleaeac  <tif:'nat» »»true»  f;r  :rjn aid beaa 
»iaaantt 

Strjctur»  »tiff.-.»»»  »ttrix by  «v;ptr?o«ition 
Solution for ditplaciaentj  and  raactisa» 
Coaputar »ppLicatisr.« 

Töct 

FIGURE 42. COURSE DESCRIPTION OF VIRGINIA TECH AOE 3024, STRUCTURES I 
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i J4.WW 

AttOJP *a AND OCEAN CXGOCOiXO W4 

OCEAN murnMs 

(AßPTTTUl OCEAN fTUlCTVUJ) 

I CATALOG DeSCWPTOrt 

roe OCEAN mucn*« 

Ovamawafaaifea (ai*iata>ariaaaarfa<blOT««aan<f)aataai.aiaaanabaarikakSaaji 
A(«^KJM*oftaani«*a(aNtaa4a(aBribiicUHaaonai faa mi 8am ilia»« 
«ncaaratanafpai. Pi» JOM (JH, K) 0 

0.        CCUUtCTATlS. 

4 Ravaaal Coana 
•L He aaajor du*** itvuiot if am i>W« 
c Eflhctm JaalfM 
& Nat fef (radian cndM 

m     maßjwsntsicoMQWsnti 

TW *?«>«Jb«4jn»oA at uMa afirfnaUt bo4w ana* Mtra «ractaral aaatV* » 
rrovaMbrAOENH 

iv.     jusnnCATWt 

T^a>3ta<b<powa^ivitia^0rd;dMpccavM^a^»5^OCHI|gaMi(aai aarfpai 
(battiaaj. ftactara. otaäc nOapt. «tc) aftsrp tat «a« atrattna an bwdbnaa« to 
amaara!*ai|»arocaaifar atap aatf acaa* atnaana. TW wvtafea« iawaycaaaa *aaa aaar 

V.        EDOCATOKAtOBjeCTtVEt 

Ra^aaccaaa^«aaa^aai4aViiccaaia.toiaalaala«toatttlac(l)kaaataV »a«ariaaa 

**i- —*""* '" ■*-! '—— ■*- T- -" — f ltii larrt) a it ia if aiaaal 
a»a°farfana aaair aaaadatf tacaaaa_ 

vi     w$nucrc* 

OwaHa*>a.l-)M7 

VU      TEXTS AND SPECIAL TEACHNC AH* 

Taat 

ha>».0*a*,   SHIP$TnCTl&UCCSKN:AIUT1CNAU.Y-SASeD.CC»«VnX- 
MttCFnMOAVCt<*inOHCH.U*^4>MAxiim<aM*WMmliäamK 
Jant7.Cky.NI. IM. 5«4paaj& 

VUL     SYLLABUS a^Hi 

Owrviaw af KaboaaBy-«a«»< CnayaaarAidX u 
Strwnrt Aaalyais aad Oaaaja «f Tlaa-WalM Stneaana. 

Priaca^loa^aa4StnK)ar*lUapoaa*rfOcaaaSvac»araa. » 

BaacAaptcaafFiaitaOtaaaiAMlpia. 25 

PlaaBotfaa; jg 

Bu±h«t of Cahm» and Beaa Cahuaaa. 10 

Bud&ajaee'Unsafe Sm»(J* of PUxal jg 

FIGURE 43. COURSE DESCRIPTION OF VIRGINIA TECH AOE 3224, 
OCEAN STRUCTURES 
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R.n-«cS*r  :».   l-iS 

AEAOSPACt AMD OCCAM OWINCUttMC 40)4 

COWVTATtOMAL mujCTVUAt. ANAtrStl 

{ ADP TtTU: cow. rrticr. AKALTS. J 

CATALOG OCSCllirtlOM: 

4034 COMPVTAIIOHAI mUCTUHAI. ANAXYStS 

Stitle and vibratory ratponte of fraaed etructure«. The 
aatrlx eigenvalue prob It« for buckling «nd free vl- 
bratlone. Stiele response of laalnated coaposlte plat«* 
by th« finite iltHiit aethod. fro: 3124 or 3224. 
(3H.3C»  It. 

It.     CCV&SE STATUS: 

a. Ilevlaed court« 
b. Expansion of th« pretent AOC 4250 
C.     Eff«ctlv« March 19*7 
d.    Graduate cradlt not recreated 

tit.     PUIIEQUISITES * COWQUIJITt«: 

Introduction to matrix ttlffnast «athod and linear vl* 
bratlon« of «ultl-deqree-of-freedoa eyetea«. AOC 3124 
and AOC 3224 cover th«a« topic«. 

IV.     JVSTtriCAIIOH: 

Thie court« 1« detlfned to continue fro« AOC 3124 or AOC 
3224, and pr«««nt« «or« advanced coaput«rlced analyai* 
of «tructural etetlce, atablllty, and vibration«. Thl« 
court« it an expanalon of the «atarial now covered in 
AOC 42SO.    Prerequleite« sax« thl» • t*aior l«v«l court« 

V.     EDOCATIOKAL OBJECTIVES: 

Th« obJ«ctiv«t are to provide th« underatandiao; of. and 
method a to iapleaent th« computer tolutioa t«, th« 
•tatic and vibratory raapont« of tkeletal and cootinuou« 
atructuree found la vehicle«. 

Introduction to numerical 
Analyai a of laalnated 
Coapoelte Plate« 

Kirchhoff plate 
theory;   strain- 
dieplaceaent 
equation«,  ecjui- 
llbrlua equation«, 
boundary condition«-, 
vertue I work 

CUtilcal  laalnatlon 
theory:   ehear-ext«n«lon 
coupling,  extension* 
bendlne; coupling 

finite element aethod 
for ttatle retpons« 
of «id-plane «ytaietrlc 
laalnate«:     th« plan« 
ttratt or in-plan« 
prob lea;   th« bendlne; 
problea 

60% 

TÖÖX 

VI.     IMSTRÜCTOI: 

C. t.  Johnson.  MW 

Vtt.  TEXTS AMD SrCCIAt TCACHIMC AIDS: 

VIII.  SYLLABUS: 

Continued «atrlx «tructural 
analyala by the »tlffnee« 
aethod for truttat, fraae«, 
and 9 ride 

Dlatributed loada, 
temperature variation«, 
•tructural «odlflcatlona. 
ayaaetrlcal ttructure« 

Matrix aloebra and linear 
elaultaneoua equatlona: 
bandedneit,  tparfaneta. 
trlangularltatloa 

The «atrlx Eigenvalue 
Problea 

Buckling of eoluan« 
and alaple friaea 
(qeoaetric «tiffneia) 

free vlbratisna of 
aultl-oegrafof* 
fraedoa atructuree 

Matrix  Iteration 

Percent of 
Couree 

20» 

20% 

FIGURE 44. COURSE DESCRIPTION OF VIRGINIA TECH AOE 4034, 
COMPUTATIONAL STRUCTURAL ANALYSIS 
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»ovaafcer 1$.   IMS 

hOOUta At» OCIAM CMCHaCKtMC  M54 

STABILITY or mucruiitt 
( AM Tins: STAB, or STBUCTUIUS ) 

t.     CATALOG KSCtimOM: 

It. 

405« STABILITY Of  STKUCTVUS 

Introduction to th« aethod« of etatlc «tructural liabil- 
ity anlytl« «ad their application«. Buckling of column« 
and fraae«. Energy Mt hod and approxlaate «olutloo«. 
Elaatic and inelastic b«havior. Toralonal and lateral 
buckllna. UM of stability a* a atrvctural design cri- 
terion. Pr«: 302« or CE 1111 or ESN 3080. (3H.3C) 
I.II. 

COURSg STATUS: 

a. R«vlsed court« 
b. expansion of AOC «600 
«.    Effective Hares 1987 
d.    Gradual« credit r«qu««t*d 

III.     PREREQUISITES « COUQUISITCS: 

Baalc aethod« of structural analysis cov«r«d In 302« or 
Cl 3111 or CStt 30*0. 

IV.     JUSTIFICATION) 

Till« court« 1« an elective for AOC. Ct and tSH senior« 
and graduat« «tudeat«. Tha course loclud«« both theore- 
tical concept« of stability and application« to a true- 
tural      engineering     practice. To    undaratand    th« 
aatheaatlcal theory require« a ainiaua of senior level 
■aturlty in structural analyata. Thla la an expansion 
of tha aaterlal covered In AOC ««00. Th« coura« la 
croa« Uttad with Ct and CSH 40$«. 

V.     EDUCATIOHAX OBJECTIVES: 

Th« aiai la to fir« student« an undaratand in«; of tha la- 
portanc« of stability a« a governing design criterion 
and to provide the baaia for understanding th« buckling 
criteria la design codaa. 

Flsxural Buckling of 
Coluan* 
tqulllbrlua approach; 
perfect and laperfect 
coluane,   Southwell 
Plot 

Kinetic approach, 
load-frecjuency curve« 

Energy approach and 
approxlaate aethod«; 
Rayleigh-Rlts. 
Calarkin,   finlt« 
differanca 

Elastic support 
condition* and 
alaatic foundation; 
critical spring 
stiffness 

In«laatlc behavior; 
coluan design curve 

Buckling of Plan« 
Fraa«« 
Application of bean- 
coluan theory 

Sway buckling 
Torsional-Flaxural 
Buckling and 
Lateral Buckling of 
Thin-walled Open- 
Section Coluan« 

Honconaervativa Load» 
Beck'« Coluan 

JOX 

20% 

20» 
10% 

100» 

VI.  IMSTKUCTOti 

I. I. Johnson. «494 

VII.     TUTS AX) SPECIAL TEACH INC AIDS: 

Siaits«s.    G.    M-.    ELASTIC    STABILITY    OP 
Prantlc« Ball.  1*H. 

STRUCTURES. 

VIII.     SYLLABUS: 

Introduction Using «laid Bar 
and Sprlne; Hodels of Baal 
Structurea 
Concept« and definition« 

of stability 
Eguillbrlua,  energy, 

and kinetic aethoda 
of analyaia 

Foraa of  lnatabllity 
bifurcation.   Halt 
point 

laperfection leaaitivity 

Percent of 
CourM 

20X 

FIGURE 45. COURSE DESCRIPTION OF VIRGINIA TECH AOE 4054, STABILITY OF 
STRUCTURES 
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AEROSPACE »XD OCEAR UMIKEZJUI« 4114 

DUX« A» OPTIMIATIO« OP COMPOSITE MATERIALS A» STRUCTURES 

( ADP TITLE:  DES/OPT Of COM? KATLS ) 

X.     CATALOG DRSaUPTIOtJi 
4U4 
I« 4M« 
DESICX AND OPTIKItATIOK Or COMPOSITE MATERIALS AND 

STROCTORES 

Design aspects of laminate constitutive relations, 
coupling and decoupling of ln-plan« and out-of-plana 
elastic response. Tailoring of laminated coapoalta 
materials to Mat design requirement* on stiffness and 
strength through th« u*a of graphical and numerical 
optinltation    technique«. Introduction   to     Integer 
prograaalng: brancb-and-bound   method   and   ganatlc 
algorlthas. Stacking sequence design of laminated 
coapoalta baaas and plataa via lntagar programing. 

Pro»      1024, CE 3404,  or ESX 10*4.     (3H,   3C)  each.    It. 

II.     COURSE STATUS: 

a. Rev Couraa. 

b. »/A. 

e.    Effactlva data la Spring SeMeter,  l»»J. 

d.    Craduata credit la not requeated. 

III.  PREREQUISITES ( »REQUISITES: 

Knowledge of tha fundaaental» of mechanic« of deforaable 
materials, and structural mechanlca la prerequisite. 
Knovladga of mechanic« of compos it« materials 1» highly 
raccanaandad but not required. 

IV. JUSTIFICATION: 

Laalnatad composite materials ara raplaclng convantlonal 
«atariale In »any atructural daalgn application«. An 
Increased number of Batarlal varlablaa that can ba used 
to Mat daalgn requirements makes optlaliatlon an Idaal 
tool for daalgn. Tha dlscrata natura of ply thickness 
and fibar orlantatlon angles that ara uaad for practical 
daalgn altuatlona further requiree tha use of lntagar 
programming Mthods. Tha daalgn of coapoalta material« 
la, therefore, primarily a atacklng sequence 
optimisation problaa which require« vary special 
optlaliatlon toola. 

V. IDOCATIOMAL OBJECTIVES! 

At tha successful coaplatlon of thla couraa, th« 
student« will ba abla to daalgn atacklng sequence of 
laalnatad coapoaltaa optimally by aaklng use of unique 
«laatle propartlaa of tha material that coupla In-plane 
and out-of-plana daforaatlon nodaa In a ooaplaz aannar. 
Studanta will ba abla to uaa noval computer btaad 
prograaalng techniques for tha atacklng aaguanca daalgn, 
and daaonatrata tha approach by designing baaa and plata 
•tructuraa for in-plana and out-of-plana atiffnaia and 
strength requirements. 

VI.  IRSTROCTOR: 

Eafar Curdal, ESM Professor, 1-5905 and Raphael T. Haftka, 
AOE Professor, 1-U40. 

VII.  TEXTS ART) SPECIAL TEACHING AIDS: 

Required Claaa notes by I. Curdal, R. T. Haftka, and P. 
Bajala (To ba Published). Optional rafaranca textbooks 
include: 

Jonaa, R. H.  KECKANICS OP COHPOSITE KATERIALS.  Raw 
Tork, Heaiaphere Publishing Co., 1»7S.  ISO. 

Tsai, Stephen H. COMPOSITE DESICH.  Dayton, Ohio: 
Think Coapoaltea, 1»»0.  3«0. 

Vlnson, J. R., and R. L. Sierakovskl. THE BEHAVIOR OP 
STRUCTURES COMPOSED Of COHPOSITE KATERIALS.  Boston: 
Kartinua Nljhoff Publishers, 19»7.  xi, 121. 

1. Introduction to design and 
optlaltatloa 

3. Laminate conatltutlv« behavior 

a. Mechanical loading (l.S%) 

b. lygrotharaal loading (1.51) 

3. 

Coupling raspona«, decoupling 
<»»%) 

d.    Daalgn variable definitions 

Coapoalta failure theories 

a. Lamina failure (2.5%) 

b. LaalnaU failure (2.51) 

Laainata in-plane atiffnesa and 
strength deslga 

a. Ranking, carpet plots (5%) 

b. Graphical eptiaizatlon (7t) 

c. Craphlcal stacking eaquenc« 
design (3.St) 

d. Sandwich laalnat« design 
(3.51) 

e. Design for temperature and 
aolstura loading (7%) 

Stacking saquanc« daalgn via 
Integer prograaalng 

a. Branch-and-bound algorltha 
(") 

b. Cenetlc search algorltha 
<*%J 

c. Stocking saquanc« daalgn as an 
Integer profelea  (3.5%) 

(.    stacking sequence design for 
banding stiffness and strength 

b.    Baaa daalgn for buckling 
(7%) 

e.    Plata daalgn for buckling 
(graphical)   (2%) 

d.    Plata daalgn for buckling 
(coaputational)   (10%) 

T.     Expert systems and artifice! 
Intelligence In composite daalgn 

a. Expert systeaa for composite 
design (5.5%) 

b. Xeural network» for coapoalta 
design (5.5%) 

Percent of 
Course 

2.5% 

12.0% 

5.0% 

24.0% 

17.5% 

24.0% 

11.0% 

loot 

FIGURE 46. COURSE DESCRIPTION OF VIRGINIA TECH AOE 4184, DESIGN AND 
OPTIMIZATION OF COMPOSITE MATERIALS 
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VI 

vn. 

AEROS?ACS AND OCEAN ENGINEEJUNO 

Prr^ fa . Naw Coco« 

A06 «9M 

Computer-based Desip of Tktt-WtO Slracturw 

ADP Tale: COMP. STRUCT. DESIGN 

t        CATALOO DESCRimON: 

49S4 Gxnputer-bued Desip of Thin-Wall Stroctwet 

Method far ereatinf computer-based structural models fct «anbiaed finite element 
analysis, tail state analysis «»1 optiouabon (ft» «se ia lie aaafytis/desip projects). 
BucUiri* of ptoes. stiffer^ paneb and cylinder». BpnvaJue melhodi fat bacHing 
■ad vibration. bcTtmencal pttsöc eoBapse; other proptssiv« collapse. Uttrnstt 
strenfth of tote structural modules. Approxinalely ■» cctnpulet-bijed fail 
analysisAiesip projects, of ineretsini «cope «ad realism, art tssiped uVoupoot the 
com«. 

Pre: 3124 or 322«. (3H,3C).tt 

D.        COURSE STATUS: 

New cone; to ecomcace Spreu 199«; I «em*«. Oraduau credit is requested. 

EDUCATIONAL OBJECTIVES: 

Havia| succcsMlr cotapteted Out eon. the student w* 0) ht« • food 
kncrfedae of wa «arioai faau Ma fat ptrtHSj Is each of *x different types of *. 
oil) «nan; (2) ht tnOiw •*■ tht nrapitaiinal tltcrirhtnt fcr deafinx «nth 
thost hn> aster. Q) «ft——1 »— ** —<>—»■* — ■■ >■ !■■' * sue» 
'ndomOr-bnad* optim dMisjn exrhod. to caojtJMiM ""• of** 'eoastruDtf* 
the 'x*/^™***: (4) hi«« obtained first had txpervrnc« si «an« ches* «Jprahrnt k 
Emit state ttvajyat tad «astaf • raodea ccrapxjter-aided optima eracruraJ desip 

rNSTRUCTC* 

Professor 0**a rfapet, 5747 

TEXTS AND SPECIAL TEACH3N0 AIDS: 

Ten 

Hupes. Owe«.  SHIP STRUCTURAL DESIGN: A RATIONALLY-BASED, 
COMPUTEX-AtDeO OPTIMIZATION APPROACH  SNAME, Jersey City. New 
Jersey, 19** - 544 pep«. 

Manual far 6t eotnputer-tided deep projects: 

USER'S MANUAL POR MAESTRO. Proteus Erujineerint. SteveniviOe, MD. I9H 
220 paps. 

Special Tetchi&g Aide 

NOM 

1. 

1 

J. 

4. 

5. 

6. 

7. 

DL       PREREQUISITES: y^   SYLLABUS 

Some of the nuteritl n the AOE 3124 tad A06 3224 b essentitl for this coarse: 
basic structural tnalysi. the fandaneouJi of the fisae eJemer* oaethod, tad tht 
trnpter types of strucrural faflur«. 

rv.    JUSTIFICATION 

The bcreuia« power tad «««iUbajry of desbop computers, ad advances ■ the Unit 
state aanryas (buckliaj, o-actore. plastic eoOapat, etc) of tot« min-wafl »ruetores aft 
trinsfonnin«. the structural desip process far struerart«. bereasinxty the various fait 
slates arc tatlyied explieirJy (rather than impUdtly. by code») tad ere «*d>» 
tonaultu the constraints fcr t TTH"*""— rt--*1 optirninrwn process which prcdoces a 
optimum structure, accardinf lo the deapert specified meeture of aierit 

This subject teroduce* the scadeat to this new taethod of «micturil desip, pviag 
hiaVher 
(1) ta«noerst«adin|ofthev«ric«ripe»c/smiaur»l ntirur« tad other fail sates 

that eta occur ia top complex thin-wall suuuuet 

(2) aknowiedp of the oc«apoler*«sed tlprirhms thtt ar« seeded »perform Until 
stale ttttlyn* 

(3) htadXB experience, tkroup I series (»ppraümauty ax) of aoetaajly 
cccapreheaav« tad retEstx coapUer-htsed fait state nah-ait tad optima« 
structural desp projects. 

This ooune buikfa on the juaicr lev«] eooraet A0€ 3124 Aerocptcc Structures aad 
AC€ J224 Oceta Structures, which grw arapry u ovtrvir» «ad «xatofat 
fundarnentajj (e.f. the basics of finite eternal aaalysis, aid rht trapto types of fail 
states). This course coven the more complex types of fat states zed inr« hsmViii of 
failure far structures of duTeru>| |eometry «nd lc«diri|: tircraA. shrpt, aad other thia- 
waj] structures. Besides rht theory, it also preseau the oompimtirral tlfcnhms that 
are required for these limit state analyse«. 

The coenputer-based projects five (he arodeot a firsthand knowjedt» of how the theory 
aad the ajgorithtas art actually used is mooera computer -tided <<,iinum smjcttrrai 
desip anoVor Umi flat« analysis.  This practical experience (reatry assists tht 
unctosxndint, and ippreciatJon of the subject material, tht same at do laboratory 
experiments ia the natural sciences,  k also fives the «udesl some experience in the 
desip of structures, which at present is act mcruded ia the rariculnra. 

Graduate credit is requested because this is a relatively new devtfceoeat ia structural 
desip. It is more ihoroup tad « involves more theory (or *eii|iaeerin« aaence* or 
'first principles approach") trtaa the tracliboaa] senior stjucraral desixa course. Many 
aerospace and/or ocean enjiicerun departments do act yet leach tha new. sore 
comprehensive approach, and therefore many axcrnint, jraduatt students wül act be 
familiar with «. 

Modcfaj Mohodt far Caraputer-Aided Structural Desp 

Bactamf («ttstic and nefaarjc) of Ptoet 

Buctaaf (eharjc and ateharic) of Stiffened Paaeli 

Butts* (elastie aad BMsastic) of Stiffened Cyliaden 

BuekSaf aad V%ntka by Eiecnvaroe Method! 

Paihsfc of Larp Srxactaral Modales Due loBendnuj and Shear 

Merhcdctsgy of Coraputer-Based Structoral Desip 

Percent 
of 

Cans 

15 

15 

20 

15 

15 

5 

15   * 

FIGURE 47. COURSE DESCRIPTION OF VIRGINIA TECH AOE 4984,  
COMPUTER-BASED DESIGN OF THIN-WALL STRUCTURES 
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Rarch If. im 

ACIOSPACf ARO OCtAR tRCIREEIIRS 1124 

VEHICLE STRUCTURES 

( «DP TITLCi VEHICLE STRUCTURES ) 

I.  CATALK OESCRtPTIOHi 

5124 

«NIC« STRUCTURES 

Exact and appraxlaata aethoda far analysis and design af 
aerospace ana* aerlne structures.  Stresses, Strains. 
Constitutive Equations, toundary Valua Probleas. and Twa 
Diaensienel Elasticity.  Tarslen.  Variation!! Retheda, 
Virtual Work and Energy Principles, Structural Hachanica 
Tkeoreae, Traditional Appraxlaata Methods and Laalnatad 
Plata». <JH,K) 

II.  COUt.SC STATUSl 

a. Redtfied Cauraa 
• .  Revision af AOE 5221, 2,S sequence inta alnfla couraa 
c. Effective Fall !»•» 

lit.  PREtEOUISITES a, COREOUlSITESt 

IV.  JVSTiriCATIOMi 

a\a accurate atrtit analysla af varlaua aareaaaca and 
•team atructuraa la a prerequisite ta thair aatlaua de- 
sign. In practice, varlaua exact and appraxlaata analy- 
st* techniques ara uaad ta perfora auch an analyata. 
Tkera la a naad ta taack aur graduate atudanta a cauraa 
tkat aravldea an Indaatk knowledge »t cenceata la »4- 
venced Structural Analyala techniques and alaa kalaa 
tkaa in tha understanding af varlaua cancaata af Struc- 
tural Rackantca. 

V.  EDUCATIONAL OIJECTIVESi 

Tka aducatlanal objectives af tkla caursa will ka ta ia- 
■art • caaprahantiva knowledge af various cancaati af 
Structural Rachanlca aa aaalayad In tka analyala and de- 
alt« af aaraaaaca and aarlna atructuraa. Thla knowledge 
wilt alaa prepare tka atudanta ta taka etkar, aara ape- 
clallxad. cauraaa la Structuraa. 

VI.  INSTRUCTOR! 

I. C. Kaaanla - 4111. «• T. Raftka - «•«• 

VII.     TEXTS ARO SPECIAL  TEACHIN6 AIOSi 

toddy, J. H., 'ENCtCr AND VAAIATIONAL RETHOOS IH APPLIED 
RECHANICSt* Jahn Wiley. RT 1*14.    Alaa class netaa. 

VIIt.     SYLLABUSi 

PART  A   «THEORY  OF  ELASTICITY) 
1.     Introduction.  Straaa  and 

Strain 
Strata  and  Strain at a 
point.  Strau  Tanaera 
and Caucky's Foroule. 
Lagranglan   and Eularlan 
Variablas.   »etatlen 
Tensor,   Tramforaelion 
af  Straaa  and Strain 
Tensors,  Principal 
Stresses,   Principal 
Planat.  Principal  Axes 
af   Strain.   CoooatlbiUty 
Equations. 

Parcant  af 
Coursa 

IS* 

2.  Conttltutlva Eauatlana and 
Othar Censlderetions 
Generalized Neeke'e La«. 
AnlstetroplC Materials. 
Taniar af Elaatic Con- 
atantt. Strain tntrtr 
Oantlty Function 
Elastic Syanelry, 
Transforeatlen af 
Elattlc Hodullt. 
lalatlan eaong Elastic 
Constants, laundary 
Valua Prablaaa far 
Linaar Elasticity, 
Saint Vanant'a 
Princtala. Unlqueneee 
•t  Salutlan 

J.  Taralan 
Torsion of Circular 
and Nonclrcular 
Sactlcna. Thin Hallad 
Sactians. Single and 

Hulttcall Tubas, 
Warping function, 
Oivarganca af aircraft 
winge, Axial constraint 
far thin wallad sacttans 
undar taralan 

PART I (APPROXIMATE RETROOS) 
1.  Virtual Hark and Energy 

Principles 
Vark and Energy, Strain 
and Ceaplaaentery Energy, 
Principles af Virtual 
Dlsalaceaents, »nil 
Ouaay OiSPlacaaant 
Hathad. Principles af 
Tatal Patentlal 
Energy, Virtual 
Farcaa and Coapleeentary 
Patentlal Energy, «nit 
Duaay Lead Hethed. 
Cestlgliane's First and 
Sacand Thaeraas, Raxwell- 
•ettl Raclpracal Tkaaraa. 
Tradltlenal Appraxlaata 
(e.g. Iltt, Oeleekla, 
least sauere and cellecat- 
len) aethods. Appraxlaata 
Hathoda ta Analyxa Aircraft 
Wings under Aaredynaaie 
leeda 

2*.  Analysla af Thin Laalnatad 
Plates 
Eauatians af Hetlea far 
laotrepic and Tkla 
Laalnatad Plates. 
tlrchoff'S Theory, 
Exact and Appraxlaata 
Solutions af landing 
of Plitti. Theraal 
Stresses. Analysis 
of Oilti Wings and 
Control Surficaa 

I.  Analysis af Thin Laalnatad 
Sheila 
Equations of aotion for 
cylindrical and 
spherical sheila, 
Axlsyaaetrlc. Asyeaetric 
and Edge leads. ShilU«- 
Shell Theory. Ineittnslonal 
Shell Theory, and Reabrane 
Shell Theory.  Analysis of 
Rings (lulkheads). 

Analysis of Aerospace 
Vehicles 

IS» 

10* 

21* 

1SX 

is* 

FIGURE 48. COURSE DESCRIPTION OF VIRGINIA TECH AOE 5074, VEHICLE 
STRUCTURES 

loo-. 

-79 



CMTM Sriutes, r«a W4 

t. 
2. 

9/7 
9/9 

3. 9/12 
4. 9/14 
5. 9/16 

6. «19 
7. 9/21 
S. 9/23 

9. 9/26 
10. 90S 
11. 900 

12. 10/3 
13. 10/) 
14. 10/7 

10/10 
15. 10*12 
16. 10/14 

17. 10/17 
It. 10*19 
19. 10/21 

20. 10/24 
21. 10/26 
22. 10/2S 

23. I0OI 
24. 11/2 
23. I1M 

26. 
27. 

11/7 
11/9 
11/11 

2t.     11/14 
29. 11/16 
30. I I/IS 

31. 
32. 

11/21 
11/23 
I1C5 

IICS 
11/30 

•<« 12/f 
• -. il'- 
.-$ ir» 

:-9 in: 

FIGURE 49. 

Atomic structures of materials 

Autl force shear. A btaduftnorne» 11-5.10 
Alloy systems 
Beading stresses 6.1-63 

rY# Cl«f 
Btifcmettllufiyofned 
Composite beam 64 

Shear stresses '-l'7-l 
Bask metaltarfy of steel 
Bos girder analysti 

Deflections I0.M0.7 
Stresses ftsoaias I.M.9.1M9 
Isotropie A aaisocrapk materials 11 • 32,3.4-) J 

CMM»M 0ty (M$ CUa) 
TOa-wafJed sheas JJ-J.H 
Thick-willed sbefls Xll-3.13 

Composite shells 
Q«Js 1 
\V* S.I54.IS 

fracture Criierioa 119*30 
Motlnni IHM of innritnf, nrm|ttii of ifloyi 
Inebnebeadiaf 6. ia 10.12 

Rmdamenub of mechanical properties of metals 
Atomic nieehanisms of plane deformation and fracture 
Atomic mechanism» of pbstk deformation and fracture 

plastic limit analysis 
Joiaiaf and cottia| technologies 
VtUnnt 0*1 (N0 daw) 

Structural instabilst* 
Joining and cutting uchoolofies 
Column bucklinf 

QuU 2 
Brittle fracture 
Thinksgiriaf  HetUat i.V«   Clam 

Elastic stran enerfj 
Brittle fracture 
Examples using Mere> -vthcO 

Virtual »ork 
Faucue iracture 
Cusdf liano $ thecren 

Occlhouse ifld <.perHrc.Tjres 
Project   Presentations 

133-139 

II i-IIJ 

II-'.1.10. I1M 

.0 

PSHOui 

PSfl Due. PS42 Out 

PS42 Ooe. PS#1 Out 

PS43 Due. PS#4 Out 

KM Das 

PSfSOm 

PS#5 Due. PS46 Out 

PS46 Due. PS#7 Out 

PS#7 Due. PStt Out 

PSMDut 

PS»9 Out Term Protect 

PS"9Du«. PS-'OO-i 

?S«IODue 

Term Prciect Due 

SYLLABUS FOR MIT COURSE 13.04, MARINE STRUCTURES AND 
MATERIALS 
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undergraduate students enrolled. At the master's degree level, and specifically in the 

Naval Construction and Engineering program for naval officers well known as Course 

XIII-A, Professor Alan Brown has provided the two course flow charts reproduced in 

Figure 50. Figure 51 gives a description of 13.410, for some reason entitled there and 

on the flow chart Introduction to Naval Architecture even though it is obviously a 

basic solid mechanics course. The 13.111, Structural Mechanics, course taught by 

Professor Wierzbicki is described in Figure 52 and examination of the topics listed 

establish it is largely concerned with plates and shells and would seemingly be very 

challenging if preceded only by 13.410. The insertion of 13.10J, Introduction to 

Structural Mechanics, should help and so it is described in Figure 53. The brief but 

current catalog descriptions of these and several other structures courses are 

reproduced in Figure 54, but that and other publications do not provide a coherent or 

representative listing the individual courses that must be completed satisfactorily to 

earn any of the various graduate degrees awarded. With the availability at MIT of 

very many other structural analysis and design courses offered by departments other 

than Ocean Engineering, however, graduates should be able to complete programs in 

this field fully consistent with the image this institution enjoys. 

Texas A&M University 

The first undergraduate structures course in the ocean engineering curriculum 

at Texas A&M is OCEN 345, Theory of Structures, and the syllabus for it is as given 

in Figure 55. The topics included in OCEN 301, Dynamics of Offshore Structures, are 

given in Figure 56, and those in OCEN 686, Offshore and Coastal Structure, are listed 

in Figure 57. These make clear that the undergraduate and graduate programs at 

Texas A&M are wholly devoted to offshore and coastal structures and not at all 

concerned explicitly with ships. 

Florida Atlantic University 

While the two undergraduate courses of interest at Florida Atlantic are in fact 

technical electives, they are included among four in the structures option that 

requires three of the four courses listed be completed. One of the others is entitled 

Design of Marine Concrete Structures, but EOC 4414, Design of marine Steel 

Structures, and EOC 4410C, named Ocean Structures in the curriculum list but 

evidently Structural Analysis I at present, do include ocean engineering applications. 
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CURRENT AREA CONCENTRATION IN SHIP STRUCTURES AND STRUCTURAL FABRICATION 
Figur* 1 
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13.410 Introduction to Naval Architecture 
(Mechanics of Solids) 

Text: An Introduction to the Mechanics of Solids, S. H. Crandall. X. C 
Dahl k T. J. lardner. McGraw-Hitt. 1978. 

Course Schedule 

1. Introduction k Fundamentals of Mechanics (Chapter 1) 

2. Equilibrium of Rigid Bodies and Free-Body Diagrams (Chapter 1) 

3. Defonnable Bodies (Chapter 2) 

4. Statically Determinate k Indeterminate Structures (Chapter 2) 

5. Stress k Strain (Chapters 4 k 5) 

6. Mohr's Circle (Chapter 4) 

7. Equations of Elasticity (Chapter 5) 

8. Initial Yield (Chapter 5) 

9. Fracture k Fatigue (Chapter 5) 

10. Pressure Vessels (Chapter 5 k Class Notes) 

• Thln-waOed cylindrical k spherical sheQs 

• Thick-walled cylinders k spheres 

11. Elementary Beam Theory 

• Bending moment and shear diagrams (Chapter 3) 

• Bending stresses and shear flow (Chapter 7) 

• Composite beams (Chapter 7) 

• Deflection (Chapter 8) 

• Torsion (Chapter 6) 

• Beam buckling (Chapter 9) 

• Yielding and plastic beam analysis (Class Notes i 

- Inelastic bending and ultimate strenr.h 'Class Notesi 
- Plastic buckling (Class Notesi 

FIGURE 51. SCHEDULE FOR MIT COURSE 13.410, INTRODUCTION TO NAVAL 
ARCHITECTURE 
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13.111 STRUCTURAL MECHANICS 
Fall 1995 

in Room 1-242 

COURSE INFORMATION 

IS'5-ratr-O^ romjK Wierabtciu 
Proiessor ot* Applied Mechanic! 
^oom;::t. E.«..:-:i04 

■:Tice Houn: Monoay Jt Weanesoay.    .0 • Z.OO 
Friday ; *; 00 - il.OO 

:EAtlJf\r, i<t!<Ti\T    y,m,; Boulahbai 
Room <-OI4A. Ext j-i96« 
Office Houn: Monday. \V';dnesday i 00 • 1.10 

and by arrangement 

ORADINO ?f»l !■-•• 

HOMF-VORK, 

; Quizzes i25V«eacni 
0 Problem Sea 

"5% 

assigned each Wednesday. 
*o be renamed the :bllowwg Wednesoav 
~iere wii! be a cenaiiy tor unexc-jsea :a:e nomeu-orc 
Excuses snouid be oirecteo to the T A. or :ne ixuitv 
aneaooi'time. 

R£FDtKNTF riPOK \. C. I'gural.Stresses in Plata tndShells. McGraw Hill 

-IT»? FMFNTaRV PF \OI\T. 

•   :mn( H Shames ana Ci\e L. Dym. Enerfy and Finite Element Methods 
in Structural Mechanics McGraw Hill 

I.    ~.mosnerj;o ana :-''':no»to-<.-:e;er. Thton pi Plates mt Shells. 
MeC-rs-A H::: 

COURSE OUTLINE 

I. Concept of Strain 
• One-Dimensional Case 
• Initial and Current Coordinates 
• Elements of Tensor Analyst! • 
• Derivation ol Strain Tensors 
• Slraia-Oisplxcmeni Relations for Moderately Larje Deflections of Plates 

:. CjiKspisLSicsii 
• One-Dimensional Cr* 
• Work Equivalence 
• Thrcc-DimenMonal Cax 

J    Theory ol L'rcar |-'j>ncity 
• Siress-Sirjin Rc!jinKiN 
• EIJSIK S:ra:n I. ■.:.•> ind Complementary Energy 
• IOCJV: JSJ ' l)('j< 

4 Variation-it l'r:r;> irjjA • ■! Elastic«- 
• Pnncipji m Mjii.mjriu oi Total Potenual Energy 
• Principal oi Minimum Pmenual Enerjy 
• Casliglijno * Theorems 
• Approximation Methods 
• Riu Method   Cjkrkin Method and their Equivalence 

5 Application .■! V.irununjl Methods for Derivation ol Equilibrium Equations 
• Thrce-DtmcnMonjj Bodv 
• Equilibrium >>i Pljtes 
• Equilibrium of Shells. General Case 
• Rotationall) Symmetric Shells 

h    Moderately L.-{e Deflection ut Plates 
• V'ananonji VrTft'Jeh 
• Ejuilibnum 
• Boundary Ccnomons 
• Examples 

7 Elasiie Stability of Structures 
• General Concept 
• .Adjacent Equilibrium Versus Energy Method 
• Linear Stability Equations of Plates 
• Buckling Solutions for Rectangular Plates 
• Buckling of Stiffened Plates 
• Ultimate Strength of Plates 
• Elastic-Plasuc Buckling 

8 BtftüingofCylimlrKaJSlKlb 
• General Equations 
• Applications. Uniform External Pressure 
• Axial Loading 
• Combined Loading 
• Torsional Buckling 
• Imperfections and Comparison with Experiments 

<- fondinsofShe'l* 
• Thin Shell Approximation 
• Shadow Shell Approximation 
• Membrane Shells 
• Applications. O tinders. Cones and Spheres 

10. Transverse Shear KfTects in Beams. PUles and St*«*. 
Bask Concepts in Sandwich Structure» 

FIGURE 52. COURSE INFORMATION AND OUTLINE FOR MIT COURSE 13.111, 
STRUCTURAL MECHANICS 
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13.IM 
;yr?qy.cr::n TO STRUCTI-PAI -Tr-w».^ 

nil ma 
COURSE otm-rm 

1. The concept of stress 

Str«*i censor 
Caucr.y fsrnula 
Principal stresses 
Stress deviatcr 
Plan« stress 
Hohr circle 
Rotation of csordlnat« systea 
Polar and cylindrical coordinates 

2. Th« concept of strain 

Striir. reasures 
Strain and spin tensors 
Physical interpretation 
Plain strain 
Cnnxial strain 

3. Elastic constitutive equations 

La=e constants 
Young's oodulus and Poisson's ratio 
Isotrspy and hcaogenelty 
Slcpie states: hydrostatic loading 
Unlaxial stress and pure shear 
HOOK'S law for plain stress 

4. The concept of equillbriua 

Eq-j-.iibriuo cf a 3-din«n*io.-,a; irdy 
G«r.enli:ed stresses 
£~-------uo ci a :eaa 
Effa-ts of lar=e rotations 
i7-------'J= c: a :ccrir^ lir.e    ::tle) 
Er^::ibriua v:» t^e principles  :i virtual  -orJe 

Elementary theory of beams 

Love - Kirchhoff hypothesis 
Integrated constitutive equation 
Classical bending equations 
Boundary conditions 
Example solutions 
Effects of large displacements 

«.      Energy Methods in elasticity 

Bending and seabrans energies 
Total potential energy 
Equilibrium via variatlonal formulations 
Boundary conditions 
Ritt and other approxlaate methods 
Exaaples 

7. Stability of equilibria - buckling 

Olscrete column - illustration of basic concepts 
Tretet* condition for stability 
Colunn buckling as an eigenvalue probles 
Euler formula 
Plastic buckling 
Oesiqn of columns - buckling curve 

8. Elementary plasticity 

Yield condition as a failure criterion 
Behavior beyond  Initial yielding 
Plastic  flow and strain - hardening 
decking and fracture 
Plastic bending - the concept of a plastic hinge 
Limit analysis 
Crushing of circular and prisaatic tubes 

FIGURE 53. OUTLINE FOR MIT COURSE 13.10J, INTRODUCTION TO STRUCTURAL 
MECHANICS 
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Praraq .2.001. IS« 

U(1) 
3-O-t  __ 

11.111 111$ MMwW» tm Oceer» Engineering 

rr»*r^fei«r«n»eoed lor Gewand 
(abrication of marto« «nurture* Top«« related 
to «oBd rnechanic* indud« «dvanced b«m 
lh*xy, t>««n byeklog. pU»«c t>«m fMpooM. 
and Uructunl Wuf«. Topic« rtfctodlo 
mortal« «Jane« Indud« «ton* *yc*,*_0' 
malarial«, ph«»« «agftmi, mec**ite_ prop«- 
KM. curtnj and joHng 1«chnlqu»». 
fCMasuOuoV 

13.10J Introduction to Structural Machentoe 

(Sam« «ubjad as 1.57*1) * 
Praraq.: 2.01 Or 2001.18 03 
Q(1) 
*-&* H-tEVSlOradCrec* _ 

Fundamental eoncapts of structural rr*chanic* 
w» eppfcaScos to msrin« e«J CM «tnjdure». 
(Sovaming equations of ccnenuum n-*er_nie». 
Analysis of beam», ecfcw». end shaft» Exad 
and «pproximato metfwds tor «nelysi* of «—- 
ca*y nctatormina«« structures, energy 
method«. prireapH of virtue) work. Basse buck- 
ing of cdumm. Enamples from IrutM«. butt- 
ings, ship«, end cables. 
M *f. PWrtah**. / Connor 

13.110 totrodwcton/Structure A/-«yel» 

(Subjed meets with 13.111) 
Pwn: 13.014 
0(1) 
3-0-1 ___ 

Ckir««p«sofo»fonntSon««J»quB*riurno1 
c«e-d*ri«risional «rudur*s (bars, caam», 
«Srings, «oil caMes). Benäng and shear Prfcv 
dpi« of Virtual work and energy mathod« In 
eiasöcity. Approximet* method». Raytaio/v-Wö 
and Gatorfcin. Eflect of geometry chenge«. 
Bucking of «scnm end oonbnuou« cokjmn«. 
Interpretalton* and «xparlmantal variflealtoft. 
Taught In fha Irrt Bv* week* of t» term 
lUto» wir subjed 13.111. 
T. W*tzbidB 

(Subfdm—»»»»'3110) 
Praraq. Perwaeton of irwaudor 
0(1) 
3-fr« rKEVEL Ored Cred» _ 

Concapt of deformation and eoju«fertum m eon- 
tmuum mechartc« and Dial« and »rial struc- 
ture« Oanvationofatatticstrassstra« 
raUlfor» tor pla*« and she! atomar«». Bandog 
and bucking of rectangular pUlat. Nonlinaa/ 
oaornatoc effects. Pott-twcking and utbmata 
strange» of type«' stiffened panaH u»ad m 
naval architecture General fieory of etas*e 
shah and axttymmatric «hat» Bucking and 
canning strength of cySndricaf «hat». Maat» 
w*«ubjad 13.110. 
T.WItibieU 

13.112 Safety o» Marina System« 
(New)  
Praraq.: 13.014 Of 13.410.13.111.1X42. 
1X121 
0(2) 
3-1-0 H-lEVELOradCredH ___ 

Manna safety regulation with historical 
perspective. SNp grourdng and io-eion «v 
ckxjtog damage caaa (tod««, methods lor 
prctodton. and residual «rang» of damaged 
trap«. Externe wave toad«, aternming. and tea 
damage. Sto***-* analysis of «rip Wad 
ctabflty. subdMston, and damaged stobWy. 
O^c^aori-rnaUng matfwd« r*c**sary to con- 
sider engineering, matotonanca. and oparaüoiv 
a> anamefva« alTacöng anvlronmantal Impact 
of tankar ol ep» Cap***» for Marin« Satoty 
concanlrafon. Program in Marina ErMronman- 
l_Sy«tom«. 
A J flrotm. r. tVS^zMotf 

13.122 Sr# Structural Anafyal« and 
Oaalqa  

Ptaraq.: fifff. 13.14 or 13.410 
0(2) 
3-2-7 H-UVELQradCradN  

Ship tongitucSnal «trangTi and huf primary 
Or**«*«. Ship Krudural datfgn concapt». El- 
lad of aupaojöuctura« and dfeskt-af malarial« 
on primary «trangtY Tranjvanja «haar »tra»- 
M« and ffwmaj lira«««« h»» hUIgWar. Tor- 
wonal «trang* of «Np«. Daalgn In« dato« 
irckxVig p~» banoTng. column and panal 
buckfing. panal u«mato »trangtv and pl«*tjc 
anafytis. Matra »»Una«», grftep«. and fWta 
alamanf anaryw. Computor projaet» on »>a 
äruetural d«*on of '• rreoWp modi*». 
KJ.Btmm 

0(2) 

Propartia« of maMa uaad for In« conatnxton 
of«Np«ar-oc«_nanginaar^»tnxlura«. 
Mero«jlruc_ra«. procaswng. haat fraaimant, 
«arvtoa banavtor. and Wura« wr» «paoal anv 
phasis on corroaion raaotanca of larrou* and 
nonfarTou» mataf«. 
K-UasutKKt* 

13.1SJ Fractura ol Structural Matorlala 

(Sama aubjad as 3.90J. 1J91 J) 
Praraq.: 2.30 or 3.11 or 13.15 
0(1) 
3-0-6 W.EVaGradCraoM   

Saa daacripaon <xd* tub«>d 3.00J. 
ft UatubucH. F J. UcGsny 

13.17J Watalng Englnaarlng  

(Sam« aubjad a» 3 MJ) 
Praraq.: 13.1S 
0(2) 
3^6 IKEVELOradCradH  

Oatatad «tody of procaaaing van»t-M Invorvad 
h joining matariaf« by waking, brazing, and ad- 
h««lva bonolng. Syntnaal« of al«rnantary phya> 
cat pnanornan« such a« Iransiant haat ftow. 
phasa tr__torrna«on«, and dknanaionaJ 
changa« into tv» oomplax ovaral raacfon« a*- 
«odatod w* joining. Tatang. InapacBon, and 
pfCf*ft*t of tnithad joint«. Laboratory 
d»rricir_tra»on« of arc and othar waldng 

ICUtsUvcH 

13.410 Introduction to Naval ArcnHactura 
(BavlaadContant and Unit«)  

Praraq.: — 
0(S) 
3-0-0  
Irfrcdueton to principtat of naval arehnadura. 
«hip gaometry. rtyoVoatatic«. csfcUaBon and 
drawiig of daplacamanl and ottar curva». irv 
tad and damaged stabSly. hut rtructur» 
ttrangth calcUatior«. arid ship ra»*lanca. 
Projads nduda computor -aidad «hip design 
and analysis tods. 
A Srown 

FIGURE 54. CATALOG DESCRIPTIONS OF SELECTED MIT STRUCTURES COURSES 
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Class   Date   Topic Re* 

1 1718 Intnxfcctk» 
2 1/20 Basic Coocepts 

3 1/2) Wort and Energy 
4 1/2} Virtual Methods 
5 1/27 Examples 

6 1O0 Stiffness »d Flexibility 
7 2/1 React*» 
I 2/3 Examples 

9 2/6 Visual Analyss 
10 2/8 Beams tnd Runes 
II 2/10 Shear and Moment Diagrams 

12 2/13 Examples 
13 2/15 Influence Una (H.) 
14 2/17 MueHer-Breslau's Principle 

15 2/20 Uiec/IL 
(Evening Examination 2/21: 7:00-8:30 p.m.) 
16 2/22 Examples 
17 2/24 Dcflectwäs of Structures 

18 2/27 Virtual Wort Method 
19 3/1 Deflectioo of Beams 
20 3/3 Examples 

21 3/6 Energy Methods 
22 3/8 Examples 
23 3/10 Static Indeterminacy 

Ctap 1 
2.1-2.9 

2.1*2.14 
2.15-2.17 

2.18-2.19 
Chap. 3 

Note» by Prof. Roschie 
5.1-5.5 
5.M.9 

5.10-5.11 
6.1-6.3 
6.4 

6.54.6 

7.1-7.3 

7.4-7.6 
8.14.3 

8.10 

9.1-9.4 

(Spring Break) 

24 3/20   Alternative Analysis 
25 3/22    Statically IndetermJnaie Structures 
26 3/24    Compatibility Methods 

27 3/27   Support Settlements and Elastic Supports 
28 3/29   Examples 
29 3/31    Statically Indeterminate Trusses 

30 4/3     Examples 
31 4/5     Slope-deflection Equations 
32 4/7     Frame Problems 

33 4/10   Examples 
(Evening Examination 4/11/95: 7:00-8:30 p.m.) 
34 4/12   Equilibrium Method for Truss Analysis 
(Holiday on 4/14) 

35 4/17   Equilibrium Equations by Energy Methods 
36 4/19   Examples 
37 4/21    Moment Distribution Method 

38 
39 
40 

41 
42 

Final 1 

4/24    Examples 
4/26   Matrix Methods of Analysis 
4/28   Member Stiffness and Flexibility Matrices 

5/1      Transformationj and Examples 
5/3     Review 

a: Friday, 5 May 1995: 10:00 a.m.-Noon 

95-9.7 
9*9.9 
10.1-10.4 

10.5-10.6 

10.10-10.11 

111-11.4 
11-5 

11.6 

11.9 

11.10 

12.1-12.4 

12.5 
13.1-13.) 
13.4-13.7 

13.8-13.9 

FIGURE 55. SYLLABUS FOR TEXAS A&M COURSE CVEN 345, THEORY OF 
STRUCTURES 
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OCEN SOI. DYNAMICS OF OFFSHORE STRUCTURES 
FALL 1»4, MWF 3:00 - 5:50 

Instructor Dr. M. H. Km (Rm. WERC 238B, Tel. 847-8710) 
Prerequisite: OCEN 300, CVEN 345, «id Computer Programming Skill 

TOPICS 

PART I. Review of Vibration Analysis 

1. Introduction 

2. Free vibration of single-degree-offreedom linear systems 

3. Forced vibration of single-degree-of-freedom linear systems 

4. Two-degree-of-fireedom systems 

• Examination I 

5. Midti-degree-of-freedom systems ('introduction) 

6. Continuous systems (introduction) 

PART II. Application to Offshore Structures 

7. Various offshore structures 

8. Design consideration 

0. Dimensional analysis 

10. Environmental loads (wind, wave, and current loads) 

11. Review of regular and irregular wave theory 

• Examination II 

12. Wave loads on offshore structures (Morison equation) 

13. Dynamic system modeling 

14. Responses of offshore structures 

15. Design wave loads and statistical design method 

16. Elementary mooring analyses 

• Final Examination 

FIGURE 56. TOPICS LIST FOR TEXAS A&M COURSE OCEN 301, DYNAMICS OF 
OFFSHORE STRUCTURES 
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CVEN686 Offshof« and Coastal Structure 
Cours« Outfn« - Spring 1901 

Instructor    Dr. J.M. Nledzvveckl 
Department of CM Engineering 

Office: CE\TT1705C 
Telephone:  845-1993 
Office hours: As posted or call for an appointment 
Lecture:       MWF 9-9:50 CVLB114 

IOPlcj 

1. Offshore and Coastal Structures 
Design Considerations and Procedures 

2. Waves and Structures 
Environmental Forces 
Wave Force Equations 

3. Physical Model Testing 

4. Design Wave Approach 

5. DyrtamfcAnarysisarxJ Simulation Methods 

6. Estimates of Wave Characteristics & Structural Response 

7. Diffraction Analysis — (Dr. J. Roesset, time TBA) 

Mid-semester Examination (Wednesday March 6,1991) 

8. Offshore Structures 
Jack-up Rigs 
Rxed Jacket Structures 

9. Pie Driving Analysis — (Dr. LLowery, week of March 18,1991) 

10. Gravity Platforms 

11. Wave lrr^L<)adlr^c>n Platform rjecks-(Dr. R.Mw 
12. Mooring Analysis-(Dr. H.Jones, week of Apr! 7,1991) 

13. CompBant Platforms 

14. Coastal Structures 
Seawalls, Bufcheads, Revetments, Piers and Wharfs 
Groins, 8reakwaters and Jetties 

15. Pipelines & Outfaüs 

Final Examination (Monday May 6,1991,8-10am) 

FIGURE 57. TOPICS LIST FOR TEXAS A&M COURSE CVEN 686, OFFSHORE AND 
COASTAL STRUCTURE 
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They are described, in the ABET format, in Figures 58 and 59. Brief catalog 
descriptions of a number of pertinent available graduate courses are reproduced in 

Figure 60. 

Florida Institute of Technology 

At Florida Tech undergraduate students in the ocean engineering program 

complete a basic deformable solids course, MAE 3082, and the first structures course 

is CVE 3015, Structural Analysis and Design. This course is described in the ABET 

format in Figure 61, and can be seen to be typical of most first civil engineering 

structures courses. The single ocean engineering structures course offered is 

OCE 4574, Structural Mechanics of Marine Vehicles, and this is described also in the 

ABET format in Figure 59. This is a required course in both the Marine Vehicles and 
Ocean Systems and the Materials and Structures options in the graduate program. 

Technical University nf Nova Scotia 

As indicated in the previous section, the program at Nova Scotia is only at the 

graduate level and of some 16 individual courses available for naval architecture and 
marine engineering students five deal with ship and platform structural analysis 
and/or design. ME 6700, and ME 6705, Dynamics of Offshore Structures I and II, 
focus more on jacket-type and even gravity-based structures; but ME 6820, Ship 
Structure Analysis and Design, is ship oriented. ME 6870 and ME 6875, Theory of 
Ship Structure Analysis I, and II, together include a more rational approach using a 
probabilistic approach to loading, some treatments of reliability concepts and plastic 
analysis, and, interestingly, consider springing along with slamming in dealing with 
hydroelasticity. The catalog (calendar) descriptions of these five courses are 
reproduced in Figure 63. With a wide range of graduate-level structures courses also 
available in civil engineering, in applied mathematics, and among the other courses 
offered in mechanical engineering the situation at Nova Scotia demonstrates that the 
absence of an undergraduate program in naval architecture or ocean engineering at 

an institution with strong programs in other engineering disciplines - but in civil and 
mechanical engineering particularly - can offer a viable and worthy program at the 

graduate level. 
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BOC 4414 • DESIGN OF MAHNE STEEL STRUCTURES 
Spring Semester 1995 

1994-95 Catalog Da*   BOC 4414: Deelga of Marina Steal Structures, 3 creditt. 
Prerequisites: BOC 3150 (StrengrJi of Materials) «4 BOC 4410C • 
Structural Analyst I 
Underlying theory and design of structural sted members and their 
iocorponoioo into beam, truss and frame structures. Case study of an 
Ocean Eiujineering application based upoo current American Iiutituae 
of Sted Construction specification and design manual. 

Textbook McCormac, Jack C, •Structural Sted Design: LRFD Method", 
Harper aad Row, 1989. 

Instructor Rector Vergara, Visiting Professor of Ocean Engineering. 

Goals: This course is intended to: (1) introduce seniors to the design of 
sünple structural sted members and their incorporation brio beam, 
truss and frame structure*; (2) emphasize an —frntamfing of the 
theory underlying the design code requirement»; (3) clarify lessons 
learned by recourse to a case study of a carefully selected, small, 3D 
frame structure in an ocean engineering application. 

Prerequisites by Topics: 1. Strength of materials. 
2. Structural analysis. 

Topics: 1. Principles of sted design. 
2. Tension member». 
3. AsiaQy-toaded corumna. 
4. Beams. 
5. Beun-cohunns. 
6. Connection». 
7. Case study of ocean engineering structure. 

Homework, Tests and Projects: 

1. Homework problems urvorving aspects of design covered in class are assigned on a weekly 
basU and graded (20ft). 

2. Two one-hour test» are given during the term (30»), plus a two-hour fiMlmantVH 
of the term (30ft). 

3. The desiga project assigned requires the st«kat to synthesi« rhe concqfc kan^ irrfo the 
design of a marine sted structure (20ft). 

Estimated ABET Category Content'  Engineering Science: 1 1/2 credits or 50ft 
Engineering Design:  1 1/2 credits or 50ft 

Prepared by:  Date: 

FIGURE 58. COURSE DESCRIPTION FOR FLORIDA ATLANTIC EOC 4414, DESIGN OF 
MARINE STEEL STRUCTURES 
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BOC 4410C • STVUCIVIAL ANALYSIS I 
M Seme«* 19» 

1994^ Catalog Da* 

Textbook 

Coordinator: 

Goals 

Prerequuite by Tbpks: 

BOC 4410O. Stwctwl Aatly* I i cradta. 
Prerequisite: BTC33J0-$tierf»W Materials. 
OaajkaJaKrhod^analyslsrfbeaAS, trusses^ 
for ocean awl oHflstrucfcjreapp&caticns. Approrimate methods, moment 
•ret, virtu«! work, consistent defonnitions (force method). 

Kbbeter, Russefl C, •Structural Analysis', 3rd Ed., Prentice-Hifl 
Publishing Company, 1995. 

Vftraer Lansing, Visiting Profenor of Ocean Engineering 

TOicoumbdai^to|^trokotaoce«flen*beer^ 
perform internal force tod deformation analyses of beam, trua tnd nrae 
structures by classical tnethock   Uraighout fie courts, charooa 
dUcusskxu, hotnewrk, laboratories tod tests til relite to practical ocean 
Kructure design pals at much as potable. 

1. Tension, cornorerak» and «ear. 
2. AxiaQy loaded membea 
3. Itaioa. 
4. Shear force and bending moment 
5. Stresset in beams. 
6. AnalysUofatretitndatraJn. 
7. Deflection of beams. 

1. BquflWum, detenninacy, «talxBty and superposition. 
2. That equflforkan. 
3. Beam equiflbriam. 
4. Beam moment äagrams by superposition. 
3. Frame equflfcriura, 
6. Cable and area equüforiunL 
7. ApprotJnatearB^ofredunaaMitructurei 
1 Beam deflections by moment area. 
9. Displtccrnenti by virtual »ork, 
10. Force method of redundant structae analysis - applications to truss, 

beam and ftame structure». 
11. Three moment equation. 

LabciratoxyPrc^ (each ccnsulingct* two bw 

1. Testing of sunpEfled model of dock nefläty pntry crane and cornparison i^ preolciions of 
existing matrix displacement method (MDM) analysis. 

2. Eiu>eering work station MDM analysis of I¥aB iru» for oSaVae cwde ofl randlinf fceffi^. 
Study of analysis rcsuaa» 

3. Same as Lab 2 except structure U multi-span beam. 

Estimated ABET Category Content  Engineering Science: 1.3 credits 
Eogteeriag Deagn: 13 credits 

Topics: 

Prepared by: Date: 

FIGURE 59. COURSE DESCRIPTION FOR FLORIDA ATLANTIC EOC 4410C, 
STRUCTURAL ANALYSIS 
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f^irequlsit®!    EOC H5@ 
ftiln  and   thick  walled  cylinders  an4®r external   hydrostatic ocean 
frasaur®.      8®ams  on «lactic  foundations,      fntrgy  Bethods,   handling 

©oka   and   eurv©4  baass.     eontsefe  «tra@a®s.      Suckling  probleM. 
fnolastic b«havi©t ©f beaas.   Theorise ©f failur®. 

$äS-JUl—SMsiX M ,HitM 3 credit® 
prereguisit®»    EOC 31SÖ 
Fiat® elements in ©caan structures» Analysis and design of plat© 
structures. Xnclud®§ linsar theory, larg« deflection thaory and th® 
effects of shear- deformation. 

B0C.«1M    TtW?g&_g* glalttelix > credit® 
Prerequisites    EOC 3150 
Classical fforwalation of the @ath®i»ticai expressions for »tat® ©f 
strops an4. ©train in a three dlsanslonai sediu®. Constitutive 
r«lationss for linearly elastic aaterlals. Solid bodies as boundary 
valu® problem. Plan® strsss and plane strain. Deep subsaerfanc® 
•fC«ct on yield surface. 

BOC. nn   FiniU.Usmnt Method» 3 credit» 
Prerequisites    EOC 3150 
Win It® element approach to th« solution of elasticity problems. 
Eaphasi® on dlsplaceaent sethcd, using direct stiffness approach for 
generation of overall stiffness stattix of a structure. Energy sethod 
for eleaental stiffness satrices. 

EOC 618S    Fluid structurr.Inf ractlon 3 credit® 
Prerequisite    EOC 611© 
Dynamic interaction betwean fluid and »olid systems. Hydroeiasticlty, 
hydrostatic divergence, galloping vibration® and stall flutter, 
vibrations off 8 pipe containing a fluid flow, and turbulent flow, over 
compliant surfaces. 

Epc 62QS   Coaoosita Materiali 3 credits 
Prerequisit®*    Permission of Instructor. 
This cours® covers th® us® of coaposit® aaterials in engineering 
applications, th« course covers the following topic®! non-lsottople 
aochanlcal behavior? Blcrosechanieal behavior of lasina and fibers; 
bending, buckling, and vibration of composite materials; aatrix and 
reinforcement oaterial« for composites* sanufacturing technique® for 
coaposit© saterials. 

yoc as 17    Advanced Marina StrTOtmaiJamMiSi 3 credit® 
Prerequisites:    EOC 6152, EOC «42S 
Basic feature« of dynamic loading and response, physical properties ©f 
dynaalc analysis, environmental loading, flow induced vibrations, 
calculation of th® dynasaic response of typical structures, effects of 
structural vibrations, use of saodel® to predict dynaaic loads and th« 
respons®.of structures. 

EOC 64 25    Ocean Struct«ral Eftrnftllcjl 3 credits 
Prerequisites;    EOC 3114 
Methods of analysis for elastic ocean frames subject to tiae dependant 
loading; vibration theory applied to structural systess; aodes of 
vibration,   energy aethods,  and danping. 
5QC 6431    Offshore Structures 
Prerequisites:    EOC 6152 
8asie   structural   systems,    environraental   loading,    fixed   and   gravity 
type   platforms,   seisi-subaersibies,   floating  and   coapliant   platforms, 
external   pressure   shall   structures   including   oil   storage   tanks, 
pipelinas,    wet   and   dry   subsea   completion   systems,   buoy   engineering, 
concepts  for  frontier areas,  dynaaic  respons®. 

FIGURE 60. CATALOG DESCRIPTIONS OF SELECTED FLORIDA ATLANTIC 
GRADUATE STRUCTURES COURSES 
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FIGURE 61. COURSE DESCRIPTION FOR FLORIDA TECH CVE 3015, STRUCTURAL 
ANALYSIS AND DESIGN 
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MEtf7MDjattria«rOO*ortStrK*aral 

Tluscoumdeabwttme&odsofMutyiütfittKtMt* 
b <* ocean tocWbg ddermiabtk win leatfag tad »ht 
tobaequent response of jacket-type «ructact. 

The types of wavt loading considered at Saur 
wave«, higher order wave» aad warn based ape* fee 
stream function. Matrix stiffness antr/si» a used is »he 
cocoputeratulytts of structure«. THe stttk response» of 
structures to wivt loads ut determined tad the deflected 
shapes aad stress levels determined. Dynamic response 
using normal mode methods are carried oat under die 
action of wav« spectra aad spectral fatigue analysis is 
presented. 

ME457« Dynamics of Offshore Strnctam D 
The course deals with random loading and »be respoase 
c/bothjacket and gravity based structures. The statistical 
representation of the sea is developed and the diffraction- 
radiatioa analysis of large structures is presented. The 
finite element method for analysis is outüaed. Various 
numerical methods used uuV analysis of offshore 
structure» are considered. Both lime-domtia and 
frequency-domain analysis is carried out 
Prerequisite: ME6700. 

ME6S24 Skip Struct»« Analyst» and Desigi 
Types of loading and eavüonmenalcc<rörions affecting 
a ship are considered. Topics include: stresses oa a ship 
and the design of members lo carry loads; riveted and 
welded cwmections; girders, compressioo members, and 
frame». Plates in compression and under fluidloading are 
examined These concepts are applied to bulkheads and 
decks and extended to the desip of sheQs. Umgkudinal 
strength calculations are also considered 

ME4S7I Theory of Ship Structure Alary* I 
This course provide« student» with theoretical methods of 
structural analysts for ships and ocean structures is 
various marine environments. It contains: probabilistic 
descriptions of ocean wave loads acting oa ships and 
ocean structures; the input-output relations; responses in 
long and short crested seas; extreme value statistics of 
wave loads; variability on bull-strength modes of failure; 
reliabifity concepts and design considerations. 

ME**7S Theory of Ship Structural Aunty* D 
This course provides students with advanced theoretical 
methods of structural aiur/sb for ships and ocean structures 
in various marine environments. It deab with hull- 
structure responses to environmental induced toads; 
hydroelastic analysis of bull flexibility, slamming and 
springing; isotropk and orthotropk plate theories; plastic 
analysis of structures; finite element methods and their 
applications to ships and ocean structures. 
Prerequisite: ME6870. 

FIGURE 63. CATALOG DESCRIPTIONS OF SELECTED NOVA SCOTIA STRUCTURES 
COURSES 
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MARINE STRUCTURAL EDUCATION IN RELATION TO 
PRACTICES AND EXPECTATIONS IN INDUSTRY 

In order to determine marine structural analysis and design practices and 
capabilities in the marine industry at present, so as to be able then to consider the 
implications this may have in evaluating the level and type of educational programs 
required, a questionnaire was composed and sent to some fifty organizations. Among 
them were both representative large and small design firms, several large and small 
shipyards, a few ship operators, and several regulatory and government agencies 
including the Coast Guard, the American Bureau of Shipping and the Naval Sea 
Systems Command. The design firms and the shipyards were geographically well 
distributed among the various regions of the United States and Canada. Several 
design firms and builders specializing in small craft - including even ocean racing 
sailboats, yachts, casino boats, tugs, catamaran ferries, etc. - were included, as were 
some that are engaged primarily with offshore platforms and other offshore systems 
of various types. Most of the very large design firms and shipyards but only a very 
few of the smaller ones have in recent years evidently been concerned with work for 
the U.S. Navy exclusively, and still seemed to be when they were contacted. 

To solicit frank answers the recipients were assured that their responses would 
not be published, or even circulated among those sponsoring and monitoring this 
project or in due course reviewing this report. The intent was not to document in 
great detail the educational backgrounds and experience of those currently 
responsible for structural analysis and design at these organizations, or, for example, 
to determine and then state exactly what computer software and hardware they 
currently employ, but to seek adequate information to reach on a sound basis some 
general conclusions appropriate to this study. Not all organizations contacted replied 
and several did not give answers to one or more of the eight questions, but thirty-eight 
did and many of them wrote lengthy accompanying letters expanding on their 
answers well beyond what was expected. One letter from a major shipyard, however, 
stated that they considered company confidential most of the subjects dealt with in 
this questionnaire, and did not believe their answers would be helpful, and therefore 
did not return it. This single negative response could be construed as indicating that 
they consider their engineering personnel and procedures in the area of marine 
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structural analysis and design as entirely satisfactory if not exemplary, and if so that 

too was helpful information. 

The Questionnaire 

Copies of the transmittal letter, the actual questionnaire, and the Ship 

Structure Committee project prospective that were included in the mailing are shown 

in Figures 64, 65, and 66. While it was anticipated that all of the replies would be 

received in several weeks, a few were in fact not returned until several months later. 

This was due in part to those individuals to whom they were sent - mostly personal 

acquaintances or those known to be engaged in or responsible for the structures work 

at their organization - having left their organizations for employment elsewhere or 

possibly, of course, their having recently retired or been separated because of 

downsizing. 

The Responses 

Questions 1 and 2 

The answers to the first two questions made it abundantly clear that, as 
expected, marine structural analysis and design today is being conducted as often by 
civil and to a lesser extent mechanical engineers as by the naval architecture 
graduates of the undergraduate programs described earlier. Several of the civil 
engineers had earned master's degrees in naval architecture, but more in civil 
engineering or applied mechanics. A surprising number of those engaged in structural 
work, perhaps one-quarter, were educated - often in naval architecture, however - 
overseas, most notably in the United Kingdom. Unexpectedly, perhaps another 
quarter or more of all those so employed have not received any formal higher 
education. It would be misleading to describe them all as just very experienced 
draftsmen who have learned what they need to know on the job, but it is quite normal 
for them to call themselves - and often their employers at most of the smaller firms 
also to call them - "designers." Those who were educated in naval architecture in the 
United States and Canada were most often graduates of Webb or Michigan, certainly 
because these two programs have enrolled and graduated with bachelor's degrees the 
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RAYMOND A. YAGLE 
Consulting Naval Architect 
Room 210, NA and ME Building 
North Campus 
Ann Arbor, Michigan 48109 

Telephone: (313)764-9138 

May 8, 1995 

[This "form letter" is most often being addressed to the appropriate individuals for their response, 
but in some instances to responsible acquaintances or just an organization in anticipation that it will 
be forwarded to the proper person.] 

Dear Sir 

I have for the last two months been engaged in carrying out many of the requirements 
seeking a determination of the current status of marine structures education as listed in the enclosed 
copy of the prospectus for an active Ship Structures Committee project, and am writing to you to 
request your assistance now in addressing the several tasks that deal with present practice and 
capability within the marine industry. The enclosed questionnaire I have prepared may not be 
entirely adequate for your or any other single organization, but I will greatly appreciate your taking 
a few moments to jot down - in pencil if you wish, since the returns are only intended to help me 
discern the range in the level of competence being applied in current work and the scope and nature 
of the problems being encountered and will not be quoted or identified to anyone else -- whatever 
responses you deem appropriate. I certainly will in due course contact by telephone a number of 
those whose answers warrant greater attention, and may even wish to conduct personal interviews 
in some instances. This project -- as the prospectus makes clear -- is aimed at improving 
engineering education in this specific area and will ultimately I believe be of some direct benefit to 
your organization and our entire industry; thus frank and even candid answers, when justified, are 
essential. 

A stamped and self-addressed envelope is enclosed for use in returning the completed 
questionnaire, and while an immediate reply is not in any sense mandatory I have phrased the 
questions so that answering them should not require more than an hour or so to enable you to do 
so promptly. 

Gratefully, 

Raymond A. Yagle 

FIGURE 64. COPY OF INDUSTRY QUESTIONNAIRE TRANSMTTTAL LETTER 
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largest number of students in recent years. Several in this particular group, when 
interviewed in person or by telephone, were less than enthusiastic about their normal 

work activities and said they were disappointed they were not more challenged and 

were not recognized as more important to their organizations than they seemed to be. 

Others deemed themselves as part of a larger "team," and had input to other aspects 

beyond those involving the structural concerns of the projects on which they worked. 

All of these views had to be judged with regard to the type and the size of the 

organization at which they were employed. 

Questions 3 and 4 

The next two questions were intended to clarify this somewhat expected previous 

response, but since an effort was made initially to include in the mailing organizations 
of many types both large and small, the answers were equally varied. Almost all of 
the design firms and most shipyards felt capable of, and were active in, completing 
new designs (albeit within the size range of vessels with which they had experience) 
and hence would be able to generate the plans and/or handle the construction of 
conversions as well as new construction. Resolving structural problems in existing 

vessels was seemingly the one type of task that those from both the large and the 

small shipyards and design offices, and the regulatory and government agencies and 

operators as well, all felt they could accomplish. Some of those interviewed later 
obviously did not really understand, or at least had no experience to suggest to them, 
that some conversion structural problems could demand greater sophistication and 
capabilities than they anticipated would be needed and that perhaps their confidence 
was not wholly justified. This was not the case for those organizations that are 
dedicated to doing research and development work in the marine structures area, and 
hence are aware that all too often seemingly mundane marine structural problems 
can require the attention of even those with doctoral degrees using procedures and 

techniques not available to nor in routine use by practicing engineers. 

The great majority of answers to the fourth question, that used the two versions 

of the strength chapter in the Principles of Naval Architecture editions and the 
textbook Ship Structural Design - all published by The Society of Naval Architects 
and Marine Engineers - as a rough scale by which to characterize the complexity and 
the level of work they felt capable of handling and/or in which they were normally 
engaged, did not select the latter. Some in fact responded that they did not know of 
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the book, a very telling reply indeed since it was not always made by the smaller 
organizations. The responses to the second part ofthat question generated the same 

discouraging impression: most smaller design firms and even larger ones, and both 
large and small shipyards, do not concern themselves with evaluating, for example, 
the reliability of their structural designs and, even more significantly since they may 
not know how to evaluate reliability, they also do not utilize probabilistic methods to 
describe design loads. Loading would seem to be (if most of the responses are to be 
taken unequivocally) a matter for the regulatory agencies or most often just common 
sense, by which their replies suggest they mean experience gained with structures of 
whatever type and "routine" static loads and no unsatisfactory eventual performance 
of which they are aware. Whatever their approach, they tend to believe they are 
being very conservative and hence safe to such a large degree that no improvement 

in their methods on that basis is routinely required. 

Question 5 

The first part of the fifth question regarding materials universally elicited the 

answers that might be expected. Firms dealing with only fiberglass at present were 
not at all confident they could work with steel or aluminum. Larger firms normally 
engaged in designing or building with steel indicated they could and quite often did have 
projects involving high-strength steel, including those dedicated to offshore platforms 
rather than ships. The design firms for the most part believed they could handle any 
analyses or designing required whether it was aluminum or steel - or evidently any 
other material for which the engineering properties were known - and more than a 
few seemed to imply that they wanted it understood they could as well, if called upon, 
properly resolve any normal structural problems whether the application was marine 
or otherwise. The answers to the second part of this fifth question indicate the 
smaller design firms and most yards do include consideration of fabrication 
procedures in dealing with whatever structural analysis and/or design activities in 
which they may become engaged. This would appear to be especially true in regard to 
structural details. Larger design firms evidently do not always worry about 
fabrication considerations in the conceptual phases of their design activities, but are 
apt to be more familiar with what might be termed good design practices in regard to 
structural details and to be better equipped to analyze those they may anticipate will 

be troublesome. 
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Questions 6 and 7 

The next two questions were perhaps the key ones included in the questionnaire 

in that they were meant to permit some truly significant conclusions to be drawn 
relevant to the major motivation for this project being undertaken. Almost all of the 
answers suggest that those individuals and organizations engaged in marine 
structural analysis and design seldom question the need for and are comfortable 
working with codes or rules or perhaps less specific but still mandatory guidelines, 

whether formulated and/or promulgated by classification or professional engineering 

societies or by the U.S. Navy or by other regulatory agencies. A few responses did 

agree that the existence of these on occasion prevent or severely constrain creating 

unusual perhaps innovative structural arrangements, as suggested in the question 

itself, but were more passive and unconcerned about this than had been expected. 

The tone of the responses in all cases to both questions would suggest that most 
marine structural analysis and design has been and is now done in this manner, and 
they anticipate it probably always will be. When, or if, the individual or the group 
responsible may sense they face a structural problem beyond their competence to 
resolve, they do indeed or believe they would go to a consultant or a consulting 
engineering firm, or possibly just find the time to delve more deeply into and further 
study the appropriate literature so as to eliminate the need for that option.   The 
inclusion of examples, such as determining ultimate strength or estimating fatigue 
failure, in the statement of the questions was meant to suggest that those responding 
should also acknowledge in estimating their competence that some problems or some 

aspects of a problem that may be important may not on occasion immediately be 

apparent to them if they seldom if ever had needed to consider them before.  Few 
presumably wanted, in writing, to underestimate their abilities, however, and hence it 
is not clear just how honest or forthcoming their answers were and how indicative 
they collectively are in gauging the confidence those responding have in their 

technical abilities. 

The answers to the second part of the seventh question were encouraging in that 
they demonstrated the appreciation by those answering of the possible value of the 
various types of continuing education. Several stated that their participation was 
much more prevalent in years past than currently, but left the impression this was 
probably due more to economic concerns at present than lack of interest or 

recognition of need. 
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Question 8 

The eighth question produced a wide range of answers, some listing all of their in- 
house structural programs and several all but the actual model numbers of the 
computers on which they run. Several of the more modest design firms have a great 
deal more capability that might be expected - or, perhaps, even necessary - and 
some relatively substantial shipbuilding organizations could be deemed somewhat 
deficient by current standards if their answers were in fact complete. NASTRAN is 
still in use at many locations for finite element analyses, as current and 
comprehensive a program as MAESTRO was available to those at more 
organizations than was expected, and ABACUS, GIFTS, SAFEHULL, PLATE, 
PipeNet, STEERBEAR and perhaps a dozen more programs with recognizable 
names used in ship structural analysis and design, and in shipbuilding, were 
mentioned in the replies received. Most organizations depended on 486 PC's for 
routine work, but one of the large shipyards dedicated to work for the U.S. Navy and 
one of the consulting engineering firms said they had workstations with access to 
Crays. Only one boatbuilder (but, perhaps, to some extent, another as well) of all 
those responding answered in such a way that would indicate their organization's 
computer usage was really very limited; most seemed to take some pride in how 
extensive their program libraries have become. The term optimization remains 
misused or overused, however, the pitfalls of modeling procedures are seemingly not 
apparent to some, and uncertainty if not absolute ignorance about how to treat 

marine loads rationally is still prevalent. 

Question 9 

There was a final, ninth, question seeking any additional comments those 
responding wished to make and requesting any suggestions, concerning matters, 
topics, or procedures that might have, or should have, been included to make the 
questionnaire better, or in any way to aid in fulfilling the needs of the study as defined 
in the project statement. The responses were lengthy in several instances, and 
helpful. That project statement did, of course, require that contact with the marine 
industry be made, and the questionnaire and the responses, collectively with respect 
to some items and less often individually in regard to others, have been adequate to 
suggest and to justify some of the conclusions given in the next section of the report. 
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CONCLUSIONS AND RECOMMENDATIONS 

The information provided in two of the foregoing sections of this report is mostly 
descriptive: what academic programs of interest exist and what are they like in 
general, and how, in particular, do they present material concerning marine 

structural analysis and design to students. The immediately preceding section 
summarizing the responses to the industry questionnaire does not mention that there 

seems to be in industry any widespread dissatisfaction, with the manner in which the 

various schools have handled that presentation nor with the results they have 

achieved, because it was not evident that there was any at all. What is possibly 

more disturbing is there seems to be, instead, widespread but certainly not total 

indifference with regard to how the schools actually operate, how well educated with 
respect to marine structural analysis and design the graduates at all degree levels 
from those schools with programs in naval architecture and/or ocean engineering are, 
and even how they and their organization might better accomplish the structural 
analysis and/or design tasks they encounter and must complete. 

Of the dozen schools with undergraduate programs that were included in the 

earlier section, the first four would seem to be graduating at present an adequate 
number of bachelor's-level naval architects to meet the current needs of the marine 
industry. This could not have been stated just several years ago since their normal 
collective enrollment, and therefore total number of graduates in the last year or two, 
were much reduced because students were not being attracted to this particular 
discipline at least in the U.S. due to the view generally held (but by many younger 
people especially) that the marine industry was nearing collapse as the U.S. Navy 
had to cut back ship procurement programs. But during the intervening period Webb 
has been able to admit and to graduate more students than ever before - 
approximately 24 and 18, respectively - and Michigan at present is again graduating 
23 or 24 students this year and anticipates some further increase in each of the next 
several years. While the Memorial bachelor graduates generally remain in Canada 
after receiving their degrees, the total number of students at New Orleans would 
suggest that more than the usual 10 or so might graduate if it were not that most of 
the students work full-time and are only part-time students and concurrent work 
opportunities for them seem to be available at present in the Gulf region. The few 
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students now receiving their undergraduate education in naval architecture each year 
from Berkeley, and the uncertainty about whether the number will increase, and 

much the same situation at MIT with regard to their remaining undergraduate 

program in ocean engineering, render concern for what their undergraduate students 

are taught or learn regarding marine structural analysis and design seem almost 

moot. Much the same conclusion not to include them among the four can be reached 

regarding the Coast Guard and Naval Academies even though they annually award 

several dozen degrees, since their graduates are not available to enter industry at 
once. But Virginia Tech now awards 15 or so bachelor's degrees in ocean engineering, 
and, as indicated earlier, their program has much of the same content and is more like 
the traditional programs in naval architecture than are those at the three remaining 
schools with programs also specifically called ocean engineering. These other schools 
with ocean engineering undergraduate programs are certainly providing additional 
graduates to the marine industry, but most continue to seek careers as coastal 
engineers or in some other branch of ocean engineering rather than in structural 
analysis and design even though they are often just as well qualified to contribute in 
that particular area as civil or mechanical engineering graduates.   . 

Table 2 lists the number of degrees, at all levels, granted by the various 
institutions in 1993 and 1994, for reference. Some of the values are not necessarily 
exact since they were all obtained from several sources and these did not always 
agree. Even if approximate, however, they are adequate for the purpose of this 

report. 
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TABLE 2. NUMBER OF DEGREES AWARDED IN PROGRAMS OF INTEREST 
AT INSTITUTIONS INCLUDED IN THIS STUDY 

INSTITUTION | B1, '93 B,'94 | M2,E3,'93 M, E, '94 D4, '93 D, '94 

Webb 16 18 - - - - 

Michigan 18 13 21 25 8 5 

New Orleans 17 9 0 0 - - 

Memorial 6 4 9 7 2 1 

Berkeley 4 5 6 7 2 3 

Coast Guard Academy 23 24 - - - - 

Naval Academy 22,33 15,20 - - - - 

Virginia Tech 17 15 *5 2 * * 

MIT 1 5 41 55 11 13 

Texas A&M 21 21 12 17 3 3 

Florida Atlantic 16 22 8 14 4 2 

Florida Tech 22 30 7 7 0 1 

Nova Scotia - - 2 4 0 2 

Sources: American Society for Engineering Education Directories (see BIBLIOGRAPHY) and 
personal communication. 
1B=Bachelor degree, whether B.S.E., B.Sc, B.S., naval archtitecture or ocean engineering 
2M=Master's degree, whether M.S.E., M.Eng., M.S., M.A.Sc, naval architecture or ocean engineering 
3E=Professional degree: Naval Engineer, Naval Architect, Ocean Engineer 
4D=Doctorate, whether D.Eng., D.Sc, Ph.D., naval architecture or ocean engineering 
5Separate degrees in Ocean Engineering, rather than in Aerospace and Ocean Engineering, 
at the master's level began in 1993, and at the doctoral level no distinction is made. 

Thus only the five undergraduate programs of most importance to this study - 

Webb, Michigan, New Orleans, Memorial, and Virginia Tech - could and perhaps 

should be judged as to how well they handle marine structural analysis and design, 

how viable is the content of their individual structures courses and complete the total 

coverage, how qualified the various professors involved may be technically, and 

maybe with regard to other pertinent factors. But none would in fact be found 

untenable, even though all may be wanting in one or several aspects. Discussions 

with professors and even those with administrative responsibility at these 

institutions make clear they are very much aware in what areas they may fall short, 

but are either attempting to remedy that circumstance or have other problems on 

which they place a higher priority. The differences among these five undergraduate 

programs with respect to how thoroughly they cover the fundamental knowledge 

graduates should know to be able properly to keep pace with the technological 
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advances that are occurring in engineering today - in materials, in fabrication 

techniques, and even in analysis and design procedures - are not really very great, 

probably because it has long been accepted that universities are not "trade schools" 

and the basics must be taught first and well. The degrees to which these programs 
prepare their graduates for practice, how extensively they communicate how the 
basic material can be applied to real - and for the concerns of this project, marine - 
structural problems, does vary. Whether at several schools a second strength course 

taken after a basic one introducing the fundamentals of strength of materials is 
properly named, and is indeed concerned specifically with marine structures or just 
advanced strength of materials generally, can depend on the individual professor's 
inclination which in turn may well depend on his own particular background and 
experience. The course syllabuses reproduced in the foregoing do not illustrate any 
situations where what might be called the balance between fundamental theory and 
practical application - teaching useful problem resolving approaches and procedures 
with appropriate marine structures examples - is too far from equilibrium, even when 
some of the professors may have been educated as civil engineers and the 
applications may also occasionally involve structural problems not specifically 
marine. 

What has obviously been of tremendous benefit to those teaching and to the 
undergraduate students learning about marine structures at several of the schools, 
however, has been the increasing attention being given in their programs to ship 
production and to fabrication practices in particular. It is now possible to recognize 
that many undergraduate and even graduate students were formerly not able to fully 
envision realistically what constituted structure in ships or platforms or even boats, 
and did not concern themselves at all with how the structure was assembled, 
especially in the classroom. Only Webb had a formal practical work period 
requirement until relatively recently, but summer intern programs have become 
popular at several additional schools to their great benefit. That these arrangements 
be emulated at the others is well worth recommending. It would also be of real value 
if several of the undergraduate programs could include greater treatment of fracture 

and fatigue, more on material behavior, and so on for many other topics. But any 
curriculum additions can only be accomplished by replacing and thus deleting other 
topics, or the unacceptable alternative of increasing the number of credit hours and 

hence terms required. 
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The trends in graduate engineering education - generally, but certainly at the 

master's degree level - towards greater concern for and emphasis on preparing 

graduates for practice, rather than seemingly sometimes only for even further 

education after a master's degree, bodes well for today's students. But practice must 

be interpreted broadly; it is too educationally demanding on the one hand to permit 
any but the very brightest graduate students to specialize in a worthy and 
meaningful specific area of engineering, and be certain they have dealt with all it 
entails technically no matter how narrow it may appear, and on the other hand 
simultaneously within the same number of credit hours to prepare them to some 
extent also to manage and to carry out the necessary economic planning, to consider 

marketability, and to anticipate operational problems and management concerns 

with regard to complex engineering systems as currently envisioned in the so-called 

"concurrent design" concept. 

That doctoral programs, and theses, even in engineering may remain as esoteric 

as ever is not deemed a major concern at present. Basic knowledge and 
understanding must be advanced, and the entire marine industry with all its 
engineering activities and demands seemingly functions at all well only by being able 
frequently to utilize and adapt to current problems the advances that have more 
often been produced for other elements of industry by research and/or development 
efforts in disciplines other than naval architecture and/or ocean engineering. Thus 
the recognition that no more than five or six doctoral degrees in naval architectural 
aspects of structural analysis and design are being awarded annually in North 
America is, while unfortunate, again, an indication this area is not considered as 

attractive nor as well funded as others by potential candidates seeking doctoral 

degrees in engineering. 

But the schools included in this study are, again, collectively seemingly 
graduating an adequate number of master's degree-level and even doctoral degree- 
level naval architects to meet the current needs of the marine industry. Michigan 
and Memorial, and probably New Orleans and Virginia Tech but certainly now 
including Berkeley and MIT, continue to maintain more or less traditional graduate 
programs, whether they be designated in naval architecture and marine engineering 
and/or ocean engineering, capable of educating more students than at present if a 
surge in enrollment because of a perceived industry need were to occur. And the 
healthy graduate programs at the other three ocean engineering schools endure. But 
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more graduate students in all of the programs of particular interest at all of these 
institutions are specializing to the extent possible in hydrodynamics than are those in 

structures and production and power systems (marine engineering) and operational or 
environmental concerns (whatever the options may be called) combined, that is 
probably an indication not only that greater research funding and hence graduate 

student research is and has been predominantly in that field but that even adequate 

support in any of the others - but most particularly in structures - could alter that 
situation. 

What recommendation or recommendations should be advanced to counter the 

perceived sort of malaise and uninterested mind-set that seemingly currently 
pervades marine structural analysis and design in general is not clear, but it is 
certain the fault is not primarily or even partially in the undergraduate or the 
graduate educational programs discussed even though it is manifested there as well 
as in practice. All of those teaching at all of the institutions discussed are dedicated 
and extremely capable people, productive and enthused about what they do even if 
several of the younger professors may possibly on occasion be less enthusiastic than 
desirable about teaching undergraduates and most are perhaps too focused on their 
research and/or consulting work. The subject content in the various programs is not, 
and the topics in the individual courses are not - and should not be - uniform, but 
reflect the emphasis and the rationale reasonable minds believe appropriate within 
the constraints they face. If indeed the problem is really most apparent in practice, 
in industry, it may be because the industry itself does not consider marine structural 
analysis and design of great enough importance nor amenable to much improvement. 
This cannot be due solely to overregulation even though that might be one factor, 
despite the fact that the regulators - the classification societies such as ABS, in 
particular - have often developed and promoted the approaches that have made more 
rational many of the techniques available for use today. That commercial firms have 
come to depend upon them, or the Department of the Navy, to do so does relieve them 
of the obligation, and does help explain why many recent and current naval 
architectural graduates are not as attracted to these activities within their 
organizations and less then thrilled when assigned to them. 

It may also seem trite to suggest that another cause is that there are no "exotic 
new frontiers" in ship structures, at least to the degree there seems to be in some 
other engineering fields.   But in structures generally, including such land-based 

111- 



structures as civic buildings and venues, bridges, and even shoreline structures, 

improvement and advances of many types are taking place even though they are 
being brought about by a relatively small number of people and organizations. It is 

just not being made apparent to individuals or to organizations in the marine industry 
that innovation and creative reconfigurations and other possibly more exciting 

developments such as, for example, "smart" materials and structures that adjust and 

adapt in response to their own sensors are indeed desirable and even needed in ships 

and platforms. Analyses that justified lengthening the frame spacing in a ship by an 

inch or two by modifying the arrangement of other structural members or using 

better material, and thereby reducing the hull steel weight overall by as much as one 
or two percent, just is in comparison not that satisfying an accomplishment and 

probably would not be rewarded anyway. How those who practice in what must be 
termed a conservative marine industry can be encouraged to propose possibly 

dramatic improvements in the area of structures - as some have in such other areas 
as propellers or hull form or even tank coatings - when the prevailing impression is 
that structure is governed by rules and codes in the name of safety, and deviation 
from these and the resulting redundancy and overdesign that often result will impose 
on those suggesting some variation a needless burden, is the real problem. Various 
awards to practicing naval architects and/or ocean engineers, for creativity and 
productive change, particularly if successful, offered by appropriate government 
agencies such as those that constitute the Ship Structure Committee or that 
interagency organization itself, might help. The recognition must be extensively 
publicized in each case, however, and the awards themselves should be as rich as 
possible. The Society of Naval Architects and Marine Engineers and the American 
Society of Naval Engineers should be encouraged to participate and could possibly 

manage the entire process. 

It is foolish to suggest money, financial support for research, financial aid for 
education, does not matter; but it is questionable whether the availability 
immediately of a substantial additional amount of money will quickly improve marine 
structure analysis and design education and capability in industry significantly. 
What might help in the coming years, however, are dedicated government tax policies 

intended to encourage investors, unwilling to take the entire risk themselves, to carry 
through on entrepreneurial ventures that do incorporate or, preferably, even require 
innovative structural arrangements, or imaginative new material usage, or other 
such features. To encourage the government to do so would require an educational or 
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lobbying campaign perhaps, but the prospectus for that is beyond the scope 

permitted here. However, it is not unreasonable nor inappropriate to recommend 

that an intense campaign be mounted at once by the individuals that constitute the 
Ship Structure Committee to convince their organizations to double and then double 
again their financial support, emphasizing that despite its shamefully modest funding 
this committee is at present the only continuous source of funds for research and 
development undertakings specifically in marine structural analysis and design, that 
these undertakings are not often as theoretical or sophisticated as to elicit the 
attention and support of the National Science Foundation or the Office of Naval 

Research on any regular basis but normally produce results of immediate value to 
the marine industry, and are in fact suggested by representatives from the marine 
industry and the cognizant government agencies and thus address current problems 
or concerns of real interest to them. At the very least the SCC reports should be 
given much greater distribution, thereby establishing how valuable they are and 
engendering wider appreciation for and application of the information they contain. 

Another recommendation or two also with respect to the Ship Structure 
Committee program, since improving education in marine structural analysis and 
design is indeed among its specific goals, are suggested particularly by the 
information concerning the various schools and their programs presented in the 
preceding sections of the report. If, for example, the intent is to insure that more 
students become attracted to and hence interested in pursuing their studies 
concentrating in marine structural analysis and design, their single graduate 
scholarship and appointing a single student as a Ship Structure Subcommittee 
member are at best superficial attractions and probably not really all that effective. 
More graduate student support could be achieved if every project they consider 
awarding to a professor, whether through his institution or to him personally, required 
that the proposal being reviewed listed by name and program level if possible the 
students that would participate and the renumeration they would receive, and that 
this be a major consideration in evaluating the proposal. And, again, if additional 
input is desired, instead of students or even faculty members bring appointed as 
liaison members of the SSSC, since at present only those professors from the U.S. 
Coast Guard, Naval, and Merchant Marine Academies (none of which have graduate 
research programs dealing with structural analysis and design) are, more extensive 
liaison instead be sought and established with the National Shipbuilding Research 
Program, the Advanced Research Projects Agency's Maritech Program, and possibly 
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even with the American Institute of Marine Underwriters, the Shipbuilders Council of 

America and/or the splinter group of its former members, or both, and other such 

organizations even though these may not be formally affiliated with or an integral 

part of the government. Strengthening ties with such existing liaison organizations 

as the Welding Research Council, and especially ONR is also essential if synergism of 

the level now achieved by the long established arrangement with the Committee on 
Marine Structures of the National Research Council is to be duplicated or even 

partially achieved with them. 

While much of the foregoing is unfortunately capable only of portraying the 

status of marine structural analysis and design education, and practice, as somewhat 

stagnant, this is misleading with respect to that aspect of the subject that can most 

easily be characterized as loads and/or loading. The very best structural analyses are 

only meaningful if they describe the response to realistic loading, and structural 
design decisions certainly must be based on loads rationaUy derived and formulated. 

The progress in recent years in this area may be due more to the efforts of those who 
think of themselves as hydrodynamicists and their increased concern with motions 
than to structural engineers, but the value of and the acceptance of their 
contributions has enhanced marine structural analysis and design enormously. Nor 
is this the only positive development. The advent of ever more capable computer 
programs for both structural analysis and design, and the widespread availability of 
and dependence on computers capable of running them, has made it possible to carry 
out more extensive and more sophisticated analyses and to evaluate more design 
alternatives with greater confidence than ever before. These, and equivalent progress 
in better understanding material behavior, improving fabrication procedures, and 
other such advances should be more than adequate to invigorate, perhaps gradually 
but surely inevitably, marine structural analysis and design. They seemingly are 
capable of sustaining the educational efforts and attention that these subjects are 

receiving currently and may in time amplify and extend them, but they will do so only 
if the marine industry recognizes their own need that they do so and encourages them 

accordingly. 
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